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(54) Title: SULPONAMIDO ETHER SUBSTnUTED IMIDAZOQUINOUNES 

Q (57) Abstract: Imidazopyridine compounds that contain substituted amine functionality at the 1 -position are useful as immune 
^ response modifiers. The compounds and compositions of the invention can induce the biosynthesis of various cytokines and are 
^ useful in the treatment of a variety of conditions including viral diseases and neoplastic (Oseases. 
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Snlfonamido Ether Sabstitated Imidazoqnin lines 

Field of the Invention 

This invention relates to imidazoquinoline compounds that have ether and 
5 sulfonamide or sul&mide functionality at ttie 1-position, and to phannaceutLcal 

compositions containing such compounds. A further aspect of this invention relates to flie 
use of diese compounds as immunomodulators, for inducing cytokine biosynftesis in 
animals, and in the treatment of diseases, including viral and neoplastic diseases. 

10 Background of tiie Invention 

The first reliable report on the lfr-imidazo[4,5-c]quino]ine ring system, Backman 
et al., I On. Chem . 15, 1278-1284 (1950) describes ^e synthesis of l-(6-methoxy-8- 
quinolin^)-2-methyl-l/f-imidazo[4,5^]quinoline for possible use as an antimalarial 
agent Subsequently, syntheses of various substituted lf/'-miida7i>[4,S-c] quinolines were 

15 rcporteA For example, Jain et aL, I Med Chem. 1 1, pp. 87-92 (1968), syndiesized the 
compound l-[2-{4-piperidyl)ethyl]-l/f-imidazo[4,5-c]quinoline as a possible 
anticonvulsant and cardiovascular agent Also, Baranov et al., Chem. Abs. 85, 94362 
(1976), have reported several 2-oxoimidazo[4,5-c]quinolines, and Berenyi et aL, L 
Heterocyclic Chem. 18, 1537-1540 (1981), have reported certam 2-oxounidazo[4,5- 

20 c]quinolines. 

Certain lH-iniidazo[4,5-c]quinolin-4-amines and 1- and 2H5ubstituted derivatives 
thereof were later found to be useful as antiviral agents, bronchodilatois and 
immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338; 
4,698,348; 4,929,624; 5,037,986; 5,268,376; 5,346,905; and 5,389,640, all of which are 

25 incorporated herein by reference. 

There contmues to be interest in the imidazoqumoline ring system. Certain IH- 
imidazo[4,5-c] naphtfayridine-4-amines, IH-imidazo [4,5-c] pyridin-4-amines, and IH- 
imidazo[44'^l quinotinr4-aminBS havii^ an edier containing siibstituent at the 1 position 
are known. These are described m U.S. Patent Nos. 5,268,376; 5,389,640; 5,494,916; and 

30 WO 99/29693. 

There is a continuing need for compounds that have the ability to moduhte the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 
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SnwimnrY of the Invendon 

We have found a new class of compounds tibat are usefiil in inducing cytokine 
biosynthesis in animals. Accordingly, this invention provides iinidazoquinoline-4-anune 
and tBtrahydroimidazoquinoline-4-anune compounds diat have an edier and sulfonamide 
or sulfamide containing substituent at fte 1 -position. The compounds are defined by 
Formulas (I) and (II), which are defined in more detail infra. These compounds share ti&e 
general structural formula 




10 



wherein X, R|. Ri, and R are as defined herem for each class of conqK)und5 having 
Formulas (I) and (II). 

15 The compounds of Fonnulas (I) and (II) are usefiil as immune response modifiexs 

due to their ability to induce cytokine biosynthesis and ofterwiae modulate the immune 
response when administered to animals. This makes the compounds usefiil in tte 
treatment of a variety of conditions such as viral diseases and tumors that are responsive to 
such changes in die immune response. 

20 The invention finthcr provides pharmaceutical compositions containing die 

immune response modifymg compounds, and mediods of inducing cytokine biosyndiesis 
in an aniirml^ treating a viral infection in an Anfmai^ and/or treating a neoplastic disease in 
an flTimml by administering a compound of Formula (I) or (II) to the animal. 

In addition, the invention provides methods of synthesizing die compounds of the 

25 invention and novel intermediates usefid in die syndiesis of these compounds. 
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Afi mentioned caiKer. we have found certain con^unds lhat induce cytokine 
biosynthesis and modify the immune lesponse in ammals. Such compounds aie 
represented Fonnulaa (0 and (n), shown below. 

linidazoqumolme compounds of the invention, which have ether and sulfonamide 
or sul&mide functionality at the 1 -position are Represented by Formula (I): 




X is -CHR^-, -CHR^alkyl., or-CHRs^alkenyl-; 
Ri is selected from the group consisting ofe 

-R4~NR3~sb2-IU-aIkyl; 

-R4— NR3— SOj-R^-alkenyl; 

-R4-NR3"SQr-Rd-aiyl; 

-R4-NRr-SC)r-IMietBioaiyl; 

-H4^r-S(V^W"*cterocycIyI; 

-R4-NR3-SO2-R7; 

-R4-Nk3-SO*-NIU-IU-anqrl; 

-Ri-NRj-SOi-NIU-R^-alkeityl; 

-R4-NR3-S02.NR5-R«-aiyl; 

-R4-NR3-S02-NRr-R6-heteroaiyl; 

-R4-NR3-S02-NR5-R«-hetBrocyclyl; and 

-R4-NR3-S02-NH2; 
Ra is selected from the group consisting ofi 

-hydrogen; 
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-ancenyU 
-aiyl; 

-hetexxjaryl; 
5 -heterocyciyi; 

-alkyl-Y-alkyl; 
-alkyl-Y-alkciryl; 
-alkyl-Y-aiyl; and 

- alkyl or alkeoyl substituted by one or more substituents selected 
10 fiom the group consisting of: 

-GO; 
-halogeiu 
-N(R5)2; 
-CO-NCRs):; 

• *. ^ t 

15 -CO-CMoaO^l; 

-CO-O-Ci-to an^U . 

«aryi; 

-beteroaiyU 

20 -heterocyciyi; 

' *CO-axyl; and 
-CO-heteroaxyl; 

Yis-0-or-S(0)(«-; 
25 S3 is H. Cuio alkyl, or aiylalk^ 

each lU ia independentiy alkyl or alkenyU which may be internipted by one 

ormore-Q-groq)8; orRjandl^ canjomtogeAertofonnaring; 
each Ra is mdependehtiy H, Cmo alkyl, or C2-10 aflccnyl; 
lU is a bond, alkyl, or alkenyl, which may be inteixupted by one or more 
30 •O- groups; 

R7 is Ci.to aO^l; or R3 and R7 can join togedier to fozm a ring; 
n is 0 to 4; and 
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each R present is independently selected from the group consisting of Cmo 
allcyl. Cmo alkoxy, hydroxy, halogen and trifluoromcfliyl; 
or a phaimaceutically acceptable salt thereof. 
The invention also includes tetrahydroimidazoquinoline compounds that bear t 
ether and sulfanomide or sul&mide containing substituent at the 1-position. Such 
tetrahydroimidazoquinoline compounds are rc^nesented by Formula (E): 



NH2 



ran 



x-o-R, 



10 

wherein: Xis-<HR5.,.OIR5-alkyKor-CHR5.eI^ 
Ri is selected fiom the group consisting of: 
-Ri-NRa-SQz-R^-alkyl; 
-R4-NR3-S02"-R«-alkcnyl; 

-R4-NR3-SOr-Rwl; 

-R4->nir-SOr-RHictBroaiyl; 

-Rr-NRj-SOz-RHietBrocyctyl; 

-R4-NR3-SO2-R7; 
• -R4-NR3^-NR5.I^-.alkyl; 
^® -R4-NR3-S02-NR3.R<5-alkenyl; 

-RrNRj-SOi-NRj-R^-aryl; 

-R4-NR3-SQ2.NRi-R«-heteroar}d; 

-R4-NR3-SQrNRrR6-heterocyclyl; and 

-R4-NR3-SQ2-NHa; 
^ Ri is selected fiom the group consisting of: 



-alkyl; 
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-alken^ 
-aiyU 

•hetetoaz^ 
-hetmocyctyi; 

5 -ellqrl-Y-all^l; 

-al^l-Y-alkenyl; 
-alkyl-Y-aryl; and 

-aDcyl or aUcenyl substituted by one or mqxe substitueats selected 
from the group consisting o£ 
10 -OH; 

-halogen; 

-CO-C|.ioangrt • 
15 -OO-O-CLioalkyl; 

. -Nj; 

-heteroaxyU 
-heterocyclyl; 

20 -CO-aiyl;and 

-CO-heteroazyl; 

Yi8-0-or-S(0>«-; 

is H, Ci.io alkyl, or aiylall^; 
25 each R4 is independenfly alkyl or alken^ ivfaich may be interrupted by one 

or more --0- £proup8; or R3 and R4 can join tDgeflier to fiizm a rin^ 
each R5 is independently H, Cmo BlkyU or C2.10 alkex^rl; 
lU is a bond, aO^l, or aOcenyl, which may be intetnipted by one or more 
-O- groups; 

30 R7 is Cmo alkyl; or R3 and R7canjom together to fonn a ring; 

n is 0 to 4; and 
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each R present is independently selected fipm the group conaiating of C|.io 
alkyi, Cj-io aDcoxy, hydroxy, halogen, and trifluoromethyl; 
or a phannaceutically acceptable salt thereof. 

Prepaiatioi^ of Ac CompnimH^ 

Compoimds of fee invention can be prepared according to Reaction Scheme I 
where R, Ri, R2, X and n are as defined above. 

hi step (1) of Reaction Scheme I a 2,4HKchloro-3^iitroquinoline of Formula X is 
reacted wifli an amine of Formula Rj-O-X-NHz to provide a 2H5hloro-3-nitroqujnolin-4. 
amhie ofFormutoXL Tliercactioncanbecarriedoutby adding the arnine to a solution of 
a compound of Formula X in a suitable solvent such as chloroform or dichloromefeane 
and optionally heating. Many quinolinesofFormula XI are known or can be prepared 
using known synthetic methods, see for example, Andie et al., U.S. Patent No. 4,988,815 
and references cited dicrein. Many amines of Formula Ri-O-X-NHz are known; some aie 
1 5 commercially available and others can by piepaied using known synthetic methods. 

In step (2) of Reaction Scheme I a 2-chloio-3-nitrDquinolin-4-amine of Formula XI 
. is reduced to provide a 2H;hloroquinoline-3,4-diamine of Formula XIL Preferably, the 
reduction is carried out using a conventional heterogeneous hydrogenation catalyst such as 
platinum on carbon or palladimn on caibon. TTie reaction can conveniently be carried out 
on a Parr apparatus in a suitable solvent such as efeanol, isopropanol or toluene. 

In step (3) of Reaction Scheme I a 2H:hIoroquinoline-3,4-diamine of Fomiula XH 
is reacted with a caiboxylic acid or an equivalent fliercof to provide a 4-chloro-liy- 
imidazo[4,5-c]quinoline of Formula XHL Suitable equivalents to carboxylic acid include 
orthoesters and l,l^alkoxyaIkyl alkanoates. The carboxylic acid or equivalent is 
25 selected such that it will provide the desired Rj substituent in a compound of Formula 

XHL For example, triefeyl orthoformate will provide a compound where is hydrogen 
and trieihylorflioacetalBwffl provide a compound wherein is methyl. The reaction can 
be run m the absence ofsolvent or in an inert solvent such aa toluene. TTie reaction is run 
with suflBcient heatmg to drive off any alcohol or water filmed as a byproduct of the 
30 reaction. 

Alternatively, step (3) can be carried out by ^ rcactmg the diamine of Formula XH 
with an acylhaIideofFormukRaqO)a and then (ulcyclizmg. In part (0 fee acyl haKde . 



20 
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is added to a solution of Hxe diamine in an tneit solvent such as acetonitrile or 
dicbloTomethane. Iliexeaction can be earned out at anibienttempeiatuxe. Hie product 
can be isolated using conventional methods. In part Oi) the product ofpait(i) is heated in 
an alcoholic solvent in tiie presence of a base. Preferably the product of part (i) is refiuxed 
5 in ethanol in the presence of an excess of triefliylamine or heated widi methanolic 
anunonia. 

In step (4) of Reaction Scheme I a 4-chlon>-l^-imida2o[4,5-c]quinolme of 
Formula Xm is aminated to provide a l/f-imidazo[4>c]quinolin4-amine of Formula I. 
The reaction is canied out by heating (e,g,,125-175"C) a compound of Formula Xffl under 
10 pressure in a seded reactor in tiie presence of a solution of ammonia m an alkanoL The 
product or a phannaceutically acceptable salt ftereof can be isolated using conventional 
methods. 

Reaction Scheme I 

15 ' ' - : • ■ ■ 




Compounds of the invention containing a sulfonamide group can be prepared 
accordmg to Reaction Scheme H where R,Ra,R3,R4,Xandnareas defined above, BOC 

8 
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is /ert-butoxycaib nyl and R„ is -R«-aIkyl. -R^^uyi, -R«.het«oaiyI or -R«-hetetocycIyl 
whae R« ia as defined above. 

In step (1) of Reaction Scheme U fbe amino group of an amiDoalcohol of Fonnula 
Xiv is protected with a /ert-butoxycaibonyl group. A solution of die aminoalcohol in 
tetrahydrofunm is Heated with di-/ert-butyl dicarbonate in the pnsscnce of a base such as 
sodhim hydroxide. Many aminoalcohols of Fonnula XIV are conunerciany available: 
otteis can be prepared using known synthetic mefliods. 

In step (2) of Reaction Scheme n a protected aminoalcohol of Fonnula XV is 
converted to an iodide of Fomnila XVI. Iodine is added to a solution of 
triphenylphospKne and imidazole in dicMoromeflume; then a sohition of a protected 

aminoalcohol ofFominla XV mdichloromeflume is added, Tlie reaction is canied out at 
ambient temperature. 

In step (3) of Reaction Schenoe H a W-imidazo[4,5-clquinolin-l.yl alcohol of 
Fonnula XVH is alkylated wifli an iodide of Fonnub XVI to provide a W.imida2o[4.5- 
c]quinoIin-l.yl edier of Fonnula XVm. He alcohol of Fonnula XVH is Reacted with 
sodium hydride in a suitable solvent such as N^-dimethylfonnamide to fonn an alkoxide. 
The iodide is added to the alkoxide solution at ambient temperature. After the addition is 
complete &e reaction is stined at an elevated temperature (-lOOT). Many compounds of 
Fonnula XVH are known, see for example. Gcrster. U.S. Patent 4.689,338; ofters can 
readily be prepared using known syndietic routes, see for example, Gcrster et al.. U.S. 
Patent No. 5,605,899 and Genter, U.S. Patent Na 5,175,296. 

In step (4) of Reaction Scheme H a l#-imidazo[4,5-c]<iumolin-l-3d cOct of 
Fonnula XVm is oxidized to provide a l/r.iniidazo[4.5<]quinoline.5NH»xide of Fonnula 
XK using a conventional oxidizing agent capable of fimning NKntides. Preferably a 
solution of a compound of Fdimnla XVm in chlorofonn is oxidized using 3- 
chloroperoxybenzoic acid at ambient temperature. 

In stq) (5) of Reaction Scheme H a l/f-imidazo[4,5-<:]qumoIine-5N-oxide of 
Fonnula XDC is aminaled to provide a lfl^-imidazo[4,5^]quinolin-4.amine of Fonnula 
XX. Step (5) involves (i) reacting a compound of Fonnula XIX wifli an acylating agent 
and flien Oi) reacting the product with an aminating agent Part (i) of stq) (5) involves 
reacting an N-oxide of Fomnila XK wifli an acylating agent Suitable acylating agents 
inchide alkjl- or aiylsu]fi»34 chlmdes (e.g., benezenesnlfbtiyl chloride, medianesulfimy] 
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chloride, p-toluencstilfoi^l chl ride). Aiylsulfimyl chlorides axe prefened Para- 
toluenesulfonyl chloride is most piefened Part Oi) of step (S) involves reacting die 
product of pait (i) with an excess of an aminating agent Suitable aminating agents 
inchuk ammonia (e.g./in the form of anunonium hydroxide) and ammonium salts (e.g., 
5 ammonium caibonate, ammonium bicarbooate, ammonium phosphate). Anunonium 

hydroxide is piefened. The reaction is preferably carried out by dissolving the N-oxide of 
Formula XDC in an inert solvent such as dichloromeAane or 1,2-dichloroethane with 
heating if necessary, adding the aminating agent to the solution, and then slowly adding 
the acylating agent Optionally reaction can be carried out in a sealed pressure vessel 

10 at an elevated temperature (8S-lOffO. 

- In step (6) of Reaction Scheme n the protecting group is removed by hydrolysis 
under acidic conditions to provide a l/f-iniidazo[4,S-c]quinoGnr4-anune of Formula XXI. 
Preferably tbe ccmpomd of Formula XX is treated wxdi hydrochloric acid/etiiaiiol at 
ambient tempeiatine or with gentle beating. 

15 la step (7) of Reaction Scheme n a l/r-mudazo[4,5H:]quinoIin-4-anaine of Formula 

XXI is converted to a sulfonamide of Fomiula XXU ^ch is a subgenus of Formula I 
using conventional synflietic mediods. For example, a compound of Formula XXI can be 
reacted with a sulfonyl chloride of Formula RnS(02)CL The reaction can be carried out 
by adding a solution of fiie sulfonyl chloride m a suitable solvent such as dichlorometiiane 

20' or 1 -methyl-2-pyrrolidinone to a solution of a compound of Formula XXI at ambient 

temperature. Alternatively, a compound of Fomiula XXI can be reacted wiA a sulfonic ' 
anhydride of Formida RiiS(02)OS(02)Rii. The reaction can be run at ambient 
temperature in an inert solvent such as dichloromethane in tte presence of a base such as 
pyridine or N JT-diisqnopylethylamine. The product or a phaimaceuticaQy acceptable salt 

25 fliexeof can be isolated using conventional methods. 
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Keaetim Scheme n 



HO 



(1) 



XIV 



HO— R^-l 
XV 



^✓BO C (2) 



yBOC 

XVI R, 




Compounds of Oie mvantioa containing a aulfimamide group can be prepared 

accoiding to Ite«:tionScI«nemwi»«R.R^R3.R^R,,,X«uIna« as defined a^^ 
and BOC is tertAnteixyatAoayl 

In step (1) of Reaction Scheme ffl the amino group of an aminoalcohol of FormuLi 
Xm is protected wifl. « /crt-butoxycaibonyl group. A solution of the aminoalcohol m 
tetrahydrofonm is treated with di-/ert-butyl dicaibonate in the presence of abase such as 
aodiuin hydroxide. Many aminoalcohoU of Fonnula XXIH are oommerdally avaikbk; 
others can be prepared using known synflietic meflioda. 
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In Step (2) of Reaction Scheme m a protected amino alcohol of Formula XXIV is 
converted to a me&anesulfonate of Ponnula XXV. A solution of a con^und of Fonnula 
XXIV in a suitable solvent such as dichloromethane is treated wi& metfaanesulfonyl 
chloride in tiie presence of a base such as triethylamine. The reaction can be earned out at 
5 a reduced temperature (0^. 

In step (3a) of Reaction Scheme III a meflianesulfonate of Formula XXV is 
converted to an azide of Formula XXVL Sodium azide is added to a solution of a 
compound of Formula XXV in a suitable solvent such as N,N-dimethylformamide or 
tetrabydrofuran. The reaction can be carried out at an elevated.temperatuie (80 - lOOX). 

10 In step (3b) of Reaction Scheme ni a compound ofFoimula XXVI is aH^lated 

wiA a halide of Fonnula Hal-Rj to provide a compound of Formula XXVIL In 
compounds where Ra is hydrogen Ais step is onutfied. The compound of Fomula XXVI 
is reacted with sodium hydride in a suitable solvent such as N J>l-dimethylfi>rmamide to 
fonn the anion and flien corribmed wiA the halide. . The reaction can be carried out at 

15* ambient temperature. 

In step (4) of Reaction Scheme III an azide of Formula XXVI or XXVII is reduced 
to provide an amine of Formula XXVDI. Preferably, tiie reduction is carried out using a 
conventional heterogeneous hydrogenation catalyst such as palladium on carbon. The 
reaction can conveniently be carried out on a Parr apparatus in a suitable solvent such as 

20 mefhanol or tsopropanol. 

In step (5) of Reaction Scheme III a 4-chloro-3>nitroquinoline of Formula XXDC is 
reacted with an amine of Formula XXVm to proviib a 3-nitcoquinoline of Formula XXX. 
The reaction can be carried out by adding an amine of Formula XXVm to a solution of a 
compound of Formula XXIX in a suitable solvent such as dichlorometiiane in the presence 

25 of a base such as triethylanune. Many quinolines of Fonnula XXK are known 

compounds or can be prepared using known syntiietic methods, see for example, U.S. 
Patent 4,689^38 and references cited thereia 

In step (6) of Reaction Scheme III a 3-nitroquinoline of Formula XXX is reduced 
to provide a 3-aminoquiuoline of Formula XXXL Preferably, the reduction is carried out 

30 using a conventional heterogeneous hydrogenation catalyst such as platinum on carbon. 

The reaction can conveniently be carried out dn a Parr apparatus in a suitable solvent such 
as toluene. 
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In Step (7) of Reaction Scheme HI a compound f Fonnula XXXI is teacted wMi a 
caiboxyKc acid or an equivalent thereof to provide a l/f-imidazo[4,5-c]quinbline of 
Formula XVm. Suitable equivalents to caiboxylic acid include orfeoesteis, and 1,1- 
dialkoxyalkyl alkanoates. The caitwxyUc acid or equivalent is selected such that it wiU 
provide the desired Rj stibstituent in a compound of Fonnula XVm. For example, tiiethyl 
oithoformate wiD provide a compound where R, is hydrogen and tiiethyl orthovalerate 
win provide a compound where R, is bu^ The reaction can be nm in the absence of 
sohwrtorinaninertsohrentsuchastoluene. Ihe reaction is nm with suflBcientheatnig to 
drive offany alcohol or water fonned as abypioduct of the reaction. Optionallya 
catalytic amount of pyridme l^drochloride can be imshufed. 

Alternatively, step (7) can be carried out by (i) reacting a conqwund of Fommla 
XXXI with an acyl halide of Formuh RjC(0)a and then fu) cycliang. Ihpart 0) the acyl 
halide is added to a solution of a compound of Fonnula XXXI in an inert solvent such as 
acetpnitrfle or dichloromethane. The reaction can be canied out at ambient temperature or 
15 at a rbduced temperature. In part ai)thc pn)ductofpart(0 is heated in an alcoholic 

sohent m the presence of a base. Preferably tiie product of part (i) is refluxed m elhanol 
in the presence of an excess of trieflqrlamine or heated witii melhanolic ammonia. 

Steps (8), (9), (10) and (U) are carded out in Oe same manner as steps (4), (5), (6) 
and (7) of Reaction Scheme IL 
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15 



Compounds of the invention containing a sul&mide group can be piepaied 

accoiding to Reaction Scheme IV where R, RJ. R3. R4. R,, R,,, X and n are 
above. 

hi st^ (1) of Reaction Scheme IV a l/f-imidazo[4,5-c]qiiinolin- 4-amine of 
Fonmda XXI is reacted wifli sulfinyl chtoride to groerate in ritu a sul^ 
FonnulaXXXn. TTie leartion can be earned out 1^ adding a sohition of sulftiyl chloride 
m dichloromethane to a solution of a confound of Fommla XXI in dichlotomeOane in 
the presence of 1 equivalent of 4-(dimeaiyhnihio)pyridtne, The reaction is prefiaably 
canied out at a reduced tempec^me (-TSX). 

In step (2) of Reaction Scheme IV an amine of Foimnla HNRsRti is reacted wifli 
ftc sulfemoyl chloride of Fonnula XXXH to provide a sulfionide of Fonnula XXXm 
which is a subgenus of Formula L The reaction can be carried out by addmg a solution 
containmg 2 equivalents of flie amine and 2 equivalents of trietiiylaniine in 
dichloromethane to the reaction mixtde ftom step (1). The addition is preferably carried 
out at a reduced temperature (-78T). Afler the addition is complete tiie reaction mature 
can be allowed to warn to anibienttaiipeiatun. The product or a pharmaceuticaUy 
accqitable salt thereof can be isolated using conventional metiiods. 
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Reaction Scheme IV 
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* ConqMonds of izivention can be piepaied according to Reaction Scheme V 
where R, Ra, Rj, R4, Rn, X and n are as defined above. 

In step (1) of Reaction Scheme V a l/r-inudazo[4,S-c]quino1in-4'-amine of 
Formula XXI is reduced to provide a 6,7,8,9-tetrahydio-l/?-imidazot4,5-c]quinoIin-4- 
amine of Formula XXXIV. Preferably die reduction is carried out by suspending or 
dissolving a compound of Formula XXI in trifluoroacetic acid, adding a catalytic amount 
of platinum (IV) oxide, and tfien hydrogenating. The reaction can be conveniently carried 
out in a Parr apparatus. 

Step (2) is carried out in the same manner as step (7) of Reaction Scheme 11 to 
provide a 6»7,8.9-tetrahydro-ltf-]midazo[4^]qa2noliii-4^amine of Formula XXXV 
which is a subgenus of Formula IL The product or a phaimaceuticaUy acceptable salt • 
thereof can be isolated using conventional mediods. 



15 



Reaction Scheme V 




Compounds of ^ invention containing a sulfamide group can be prepared 
20 according to Reaction Scheme VI where R, Ra, R3, R41 Rsi Rti > X and n are as defined 
above. 

In step (1) of Reaction Scheme VI a l/r-nnidazo[4^-€]quinolin-4-aniine of 
Formula XXXIV is reacted with sulfuryl chloride to generate in situ a sulfamoyl chloride 
of Formula XXXVL Hie reaction can be carried out by adding a solution of sulfiuyl 
25 chloride in dichloromettiane to a solution of a compound of Formula XXXTV in 

dichlorometfaane in the presence of 1 equivalent of 4-{dimetiiylamino)pyridine. The 
reaction is preferably carried out at a reduced temperature (-78*X^). 

16 
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In Step (2) of Reaction Scheme VI an amine of Fomuila HNK41,, is reacted wife 
the sulfemoyl chloride of Formula XXXVI to provide a solfiunide of Fonnula XXXVH 
which is a subgenus of Formula H. Ihe reaction can be carried oat by adding « sohitioii 
containing 2 equivalents of die amine and 2 equivalents of triethylamine in 
dichloroinethane to die reaction mixture fiom step (1). The addition is preferably carried 
out at a reduced temperature (-78«C), After the addition is complete die reaction mixture 
can be aHowed to warm to ambient temperature. ITie product or a phaimaceutically 
acceptable salt thereof can be isolated using conventional mefliods. 



Reaction Sdiente VI 




The invention also provides novel compounds useful as intermediates m Ao 
synthesis of the compounds of Fonnuhs (I) and (H). These intermediatB compounds have 
die structural Formula (IIQ. 




(m) 
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X is -CHR5-S -CHRi-aOcyl-, or *<9IR5-aIkenyl-; 
R] is selected fiom the group consisting ofi 

-R4— NRa— SO2— alkyl; 

-R4— NR3— SO2— R<— alkenyl; 

-R4-NRr-S02-R€-aryl; 
■ -R4-NR3-S02-R«^eteroaiyl; 

-R4-^r-SOr-RHieterocyclyl; 
NR3— SO2— R7; 

-R4-NR3-S02-NR5-R6-aDcyl; 

-R4-NR3-SOz-MRrIU-aIkenyl; 

-R4-NR3-S02-NRrR«-aiyl; 
-R4-NR3-SQ2*NRrR<-beteioaiyl; 
-R4-NR3-S02-NRrIU-betnocyciyl;and ' 

lit is selected fiom llie group consisting o£ 
-bydiogen; 
^Ikyl; 
-alkenyl; 
-aiyl; 

•hetetoaiyl; 
-heterocyclyU 

-aO^l-Y-alkon^ 
-aDcyl-Y-azyl; and 

- alkyl or alkehyl substituted by one or more sobstituents selected 
fiom die gioi^ consisting o£ 

-OH; 

-halogen; 

-N(R5)2; 

-CO-NCRih; 

-CO-Ci-ioalkyl; 

18 
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-COO-Ci-ioaBcjd; 

-N3; 

-aiyl; 

-heteroaryl; 
-heterocyclyl; 
-CO-aiyl;aad 
-CO-heteroaiy^ 
Yis-0.or-S(0)M.; 

»3 is H, Cho alkyi, or aijdalkyl: 

each R4 is independcBtty alkyl or aUccnyl. which may be tatenupled by one 

or morp -O- groups or Ra and R4 can join to fonn a ring: 

eachRs is indepen<fcntly H. C,.,oalkyl. orQ.,, aJkaiyl; 

».i8aboDd.orisaJkyloralke,qd.whichnmybeinteiniptedtyoneor 
. ?iore -O- groups; 

R7 is C,.,o aDcyl; or Rj and R, can join together to fbnn a bond; 
ni80to4:and 

each RpcBsent is independently selected fiom the group consisting of Q.,o 

C1.10 aBcoxy, lQ»dro;gr, halogen and trifluoromeaiyi; 
« a phannaceutically acceptable salt flMaeot 

As used herein, the tenns "alkyr. "aUcenyl" and the prefix "alk-- a« mchBive of 
both straight chain and bnoKhed chain groups and ofcyclic groups. ie.cycloalM and 
cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 20 carbon .ton«. 

alkenyl groups containmg fiom 2 to 20 carbon atonw. Preferred groups have a total 
ofupto lOcarbon atoms. Cyclic groups can be monocyclic or polycycKc and preferably 
havefiom3tolOringc«boriatoms. Exemplary cycUc groups include cyclopropyl. 
cyclopropyhnethyl. cyclopentyl. cyclohexyl and adamantyl. 

In addition, ibe alkyl and aftagriportransof-X.groups can be unsubsti 
substitaiBd by one or more 8ubstituent8.wWchaub8tituenlB are selected 
consisting of alkyl. alkenyl. aryl. hcteroaiyl. heterocyclyl. aiyhlkyl. heteroarylalkyl. and 
ItetBrocyclylalkyL 
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Th term "'haloalk^*' Ls mclusm of groups diat are substituted by oiw 
halogen atoms, including peifluorinated groqjs. This is also true of groups diat include 
the prefix liaio-". Examples of suitable haloall^I groups are chloromethyl, 
trifluoiomefh}4, and the like. 

5 The term ^'aiyr as used herein includes carbocyclic aromatic rings or ring systems. 

Examples of aiyl groups include phenyl, naphthyl, btphei^l, fluorenyl and indenyl. The 
term '*heteroaiyl** includes aromatic rings or ring systems that contain at least one ring 
. hetero atom (e.g., O, S, N). Suitable heteroaiyl groups include fuzyl» tfaieixyl» pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazotyl, 

10 pyrazolyl, oxazolyU diiazolyl, benzofuranyl, benzolhiophenyl, caibazolyl, benzoxazolyl, 
pyrimidinyl, quinoxalinyl, benzoimidazolyl, benzothiazolyl, naphtiiyridinyt isoxazolyl, 
isotfaiazolyl, quinazolinyl, purinyl« and so on. • 

"Heterocyclyr includes non^aramatic rings or ring systems that contain at least 
.one ring hetero atom (e.g., Q, S, M) and includes all^of the fiilly saturated and paitiatty ' 

15 unsaturated derivatives of die above mentioned heteroaiyl gronps. Exemplary 

heterocyclic groups include pyrrolidinyl,.tetcahydrofuranyl, morpholinyU diiomarpholinyl, 
fipm^axyU piperazii^l, ttnazoUdinyU imidazolidinyl, and the like. 

The aryl, heteroaryl, and heteiocyclyl groups can be unsubstituted or substituted by 
one or more substituents independently selected torn die group consisting of alkyU 

20 alkoxy, alkylthio, haloalkyl, haloalkoxy, haloalkylthio, halogen, nitro, hydroxy, mercapto, 
cyano, carbcxy, formyl, aryl, aryloxy, arylttiio, aiylalkoxy, aiylaDcyltfaio, heteroaryl, 
beteroaryloxy, heteroaiyldiio, heteroaiylalkoxy, heteroarylalkyldrio, amino, alkylamino, 
diaOcylamino, heterocyclyl, heterocycloalkyl, alkylcarbonyl, aDcenylcarbonyl, 
aOcoxycarbonyl, haloaDcylcaibonyl, haloalkQxycarix)nyl, aDcyldiiocaibonyl, aiykaifaoflyU 

25 heteroaxylcazbonyVaiyio^^caibonyl,heteroaiyloxycaiboiQfl,aiy^ 

beteroaryltfaiocaibonyl, alkanoyloxy, alkanoyldiio, axylcarboi^loxy, arylcaxbonyltfaio, 
arylcaxbonylainino, aUcylaminosulfonyl, all^lsulfbnyl, arylsulfonyl, heteroaiylsuUbnyl, 
axyldiaiiiiyl, alkylsulfonylamino, aiylsulfonylamino, arylaOcylsuIforiylainino, 
aQcylcaibonylamino, aDcenylcaibonylamino, arylcaibonylamino, aiylalkylcarbonybmino, 

30 . heteroarylcarbonylamino, heteroarylalkycarbonylamino, alkylsulfonyl 
alkenylsulfonylamino, aiylsulfonylamino, aiylalkylsulfonylamino, 
heteroaiylsulfonylamino, heteroaiylalkylsulfonylamino, alkylaminocaitonylainino. 
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The uiventioii is inclusive < 



• . " . — '"*v»a1 in any of their 

Phan„.c«mc.nyacceptablefb™s. ioch«fi„g |«»«3 (e.g. diastereomen, a»d 
cn«tomcn,).saIt3.«,h,tcs.pol^^^ 

wen as mcemic mixtures of the enaatiomaB. 

£ hanna<?a.tfal romr^>^ .^^ ^v ].p\r,] ^, (j, i, j 

^aan^^uticalcompoddon^ 

«K«.of.con.po„„dofti»iavcadon« 
poannaceotfeaUy acceptable canier. 

«^«ttonuluce.thcn^effi«^««,,„^ 

and/or antiviral activity. AltlK«.gh.hc«x«. amount of «:tiveconip<HaHl„se^ 
ph^aceudca,eompositionof.,».^^^ 

ofsIaUmtheaxt.such.stl.phydcdandclu«ucdnat«reofthec^ 
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tiie earner, and die intended dosing regimen, it is anticq3ated that die c mpositions of die 
mvention will contain sufGcient active ingredient to pxovide a dose of about 100 n^g to 
about SO mg/kg, preferably about 10 |igAcg to about 5 mg/kg, of die compound to die 
subject Any of the convendonal dosage forms may be used, such as tablets, lozenges, 

5 parenteral formulations, syrups, creams, ointments, aerosol formulations, txansdennal 
patches, tcansmucosal patches and the Uke. 

The compounds of die invention can be administered as the single dierapeutic 
agent in the treatment regimen, or the compounds of the invention may be administered in 
combination with one anodier or widi other active agents, including additional immune 

10 . response modifiers, antivirals, antibiotics, etc. 

The compounds of die invention have been shown to induce die production of 
cextEun cytokines in experiments perfoimedaccQiding to the tests These 
results indicate that die compounds axe useful as immune re^onse modifiers diat can 
modulate die ifPTr*™^ response in a number of different ways, rendering diem useful in die 

15 treatment ofa variety of disorders. 

Cytokines whose production may be induced by die administration of compounds 
according to die invention generally include interferon-a (IFN-a) and/or tumor necrosis 
&ctDr-a (TNF-a) as well as certain interieukins (DL). Cytokines whose biosynthesis may 
be mduced by compounds of die mvention include BFN-cc, TNF-a, IL-1, IL-6, IL-IO and 

20 IL-12, and a variety of odier cytokines. Among otiicr effects, dicse and odier cytokines 
can inhibit vims production and tumor cell growdi, making die compounds usefUl in fbt 
. treatment of viral diseases and tumors. Accordingly, die invention provides a method of 
inducing cytokine biosynthesis in an animal comprising administering an efTective amount 
of a compound or composition of the invention to the animal. 

25 Certain compounds of die invention have been found to preferentially induce the 

expression of IFN*a in a population of hematopoietic cells such as FBMCs (peripheral 
blood mononuclear cells) contafaiing pDC2 cells (precursor dendritic cell-type 2) widiout 
concormtant production of significant levels of inflammatory cytokines. 

In addition to die ability to induce die production of cytokines, die compounds of 

30 die invention afifectodier aspects of the innate nnmune response. For exanqile, natural 

kfller cell activity may be stimukted, an effect diat may be due to cytokine induction. The 
compounds may also activate macrophages, which in turn stimulates secretion of mtnc 
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oddc^theproductioaof^Iditionalcytokines. F^^^ 
prohfenhon and differentiatkm of B-lyophocytes, 

^»P'>'-^o^«»---»^onalsol»veaneflectoa1l„acq^ 
Forexample.althoughtlu«is«tbefievedtobeanydirecte&ctonTceIls« " 
mductioaofTce,,cytoIdnes.fl«,p^oftl.Tl«|^ , Cn>l) cytoki^, 1FN-, 
un^«c^indin«tlyand«.eproductio„oftl.Thclpcrtype2a^^ 
amIII.13a«Mited„ponadnunistn.tionofflH,co^^^ Hus activity m««stb.t 
fb. compounds axe useful in the treatment of diseases where upiegulation of fte IW 
r^-ui/ordownrcgdationoftheTMrcsponseisdesixed. In viewof thedrilityof 
compounds Of the invention 10 inMbit tl« Tia immune re^^^^ 
• 7-*<'«°'-'«fi-i-fl»treatn«„tofa,opicdisease3.e.g..atop^^ 
aU«gy. dlergic dunitis; systemic lupus aytbematosis; as a vaccine adjuvant for ceU 

««di«edimmunity:andpo«a^fy.aatreatmentfor,ec™^ • 
chlamydia. 

'^J°>»'»«««IK'nsemodi^effict8offbecompoundsmaket^ 
the treatmentofawidevariely of conditions. Becauseoffl»ir ability to induce the 
production of cytokines such as IFN-a and/or TOF-o, the compounds a« paxticnlarly 
use&linfl^treatmentofviraldiseasesandtumot^. IWs immunomodulating «.tivity 
suggests tiurt compounds of the invention an. usefy in tn^ting diseases 
to^ to. viral diseases inchding genital warts; common warts; plantar warts; Hepatitis 
B; Hepatrtis C; Heq*. Simplex Vims T>pe I and Type U; molhscum contagiosum- 
v«ola. particularly variola major. HIV; CMV; VZV; rhinovirus; adenovirus; influx- 
«Hlpara-inftaenza;intr.q,ithelidneoplasi«,snchas«^^ ' 

humanpapiUomavirus(HPV)andassociatedncoplasi«^fm^ . 
a^ergtilus. and cryptococcal ^ ^^^^^ 

hauy cell leukemia. Kaposi's sarcoma, n.nal cell cardnomn. squamous cdl caicinoma. 
myelogenous leukemia, multiple myeloma, melanoma. non-Hodgkm's lymphoma, 
cutaneous T^ll lymphoma, and otiwr cancers; parasitic diseases. e.g. Pneumocystis 
cwm. cryptosporidiosis. histoplasmosis, toxoplasmosis, trypanosome infection, and 
l«»hmania«a; ^ bacterial infections. e.g.. tuberculosis, and mycobacterimn avimn. 

AdditiomUdiseasesorconditionsthatcanbetreatedusingfliecompoundsof " 
include actinic keratosis; eczema; eosinophilia; essential thr^ 
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multiple scIerosisrOnuneii's syndrome; discoid lupus; Bowen's disease; Bowenoid 
papulosis; alopecia areata; the inhibitioii of Iceloid fonnation after surgery and other types 
of post*suigical scars. Jn addition, these compounds could enhance or stimulate Che 
healing of wounds, mcluding chronic wounds. The conQ)ounds may be useful for treating 

S die opportunistic infections and tumors that occur after sq>pression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

An amoimt of a compound efiTective to induce cytokine biosynthesis is an amount 
sufBcient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-ceU3 to produce an amount of one or more cytokines such as, for example, IFN-a, 

10 TNF-a, IL-U IL-6, IL-IO and IL-12 fliat is increased over flie background level of such 
cytoldnea. Hie precise amount will vary according to fitctora known in the ait but is 
expected to be a dose of about 1 00 ng/kg to about SO mg/kg, preferably about 10 )ig/kg to 
aboutSmg/kg. The invention also provides a mediod of treating a viral infection in an 
aniinal and a method oftreating a neoplastic disease in an animal comprising. 

IS administering an efifective amount of a compound or composition of flie invention to the 
animal. An amount effective to treat or inhibit a viral infection is an amount that will 
cause a reduction in one or more of ^ manifestations of viral infection, such as viral 
lesions, viral load, rate of virus production, and mortality as compared to untreated control 
animals. The precise amount will vary according to factors known in die art but is 

20 expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 |ig/kg to 
aboutSmg/kg. An amouni of a compound effective to treat a neoplastic condition is an 
amount diat win cause a reduction in tumor si2e or in the number of tumor foci Again, 
the precise amount wiU vary according to &ctors known in die art but is expected to 
dose of about 1 00 ng/kg to about SO mg/kg, preferably about 10 pg/kg to about 5 m^kg. 

25 ' The invention iafiirdier described by die foUowingexamples»whic^ 

for illustration only and are not intended to be limiting in any way. 

In die examples below some of the compounds were purified using semi- 
preparative HPLC. A Waters Fraction Lynx automated purification system was used. The 
30 semi-prep HPLC fractions were analyzed using a Micromass LC-TOFMS and tiie 
appropriate fi:actions were combined and centrifuge evaporated to provide the 
trifluoroacetate salt of die desired compound 
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CoIunm:Phcaon,cncxLunaC18(2). 10 x 50 mm. 5 microa particle size. lOOA 
P-;flow.te:25a^nun.;gn«iie..elutionfio«5^55-^Biu4a»^ 
m0.1mm.jhenholda.95«/oBfor0.4min..when.AH,.05./ot^^ 
and B^).05% trifluoroacetic acid/acetoiutrile; fiaction conec^^ 



Exaiiq>Ie 1 



0 



^■^-{2-[4-aiiiiiio.2-(2Hiietho3cyelliyl> 
ljy-iipida2p[4.5<]qttinolia.l-yl]ethQxy}e%l)in^ 





PartA 

A solution of 2-(2-«mnocaM«y)eflumol (29.0 g. 0276 mol) in 180 mL of 
teta4yd«.funu. CTHF). underN,. was cooled to O'C and teatedwid. 140mLof2NN.OH 
solution. Asolutionofdi..e^.bu,yldicaxbo„ate(60^g.0.276moDinl8an.LofTHF 
waaftenaddeddropwiseovcrlhtotherapidlystinedsolution. The reaction mixtoe was 
ttenaBowedtowamtoroomtempenitureandw^stinedanadditionallSt TT.eTHF 
w« a»n jemoved under reduced preasur. and ti» remaining aqueous slnny was brought 

topH3tyadditionofl50^oflMH.SO4Solution. Hus was then extracted with etiayl 

000 m^lOOmL) and thecombined organic Uyers wen. washed with 
andbnne. Tl» "S-nic portion was dried over Na,SO.«Klconcenlnited to give /^^^^^^ 
2-{2-hydroxyeflioxy)efliylcarbamato as a coloriess oil (47 1 g) 
PartB 

A rapidly stirred solution of tert-butyl 2-(2-hydroxyethoxy)ethylcaibam.te (47 1 g. 
0^30 mol) in 1 L of anhydrous CH^Ch was cooled to O-C under and treated with 
tnethyhmiine (48.0 mL. 0 J45 mol). Meth«K««lfoayl chloride (19.6 ml, 0253 mol) was 
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dien added dropwise over 30 min. The reaction mixture was dsen aUow dtowannto 
nK>mtexnperatUTe and was stined an additional 22 h. The miction was quenched by 
addition of 500 mL saturated NaHCOj solution and tiie oiganic layer was separated. The 
organic phase was then washed willi H2O (3 X 500 mL) and brine. The organic portion 
5 * was dried over Na2S04 and concentrated to give 2-{2-[(tert- 

butoxycaibonyl)aznino]ethoxy}e1iiyl me&anesulfonate as a brown oil (63.5 g). 
Parte 

A stirred solution of 2-{2-[(/CTt-butoxycaTbonyl)ainino]eflioxy} ethyl 
methanesulfonate (63.5 g, 0.224 mol) in 400 mL of N^-dimettiylfonnanude (DMF) was 

10 ' treated wi& NaNa (16.1 g, 0.247 mol) and the reaction mixture was heated to 90X under 
N2. After 5 h, tiie solution was cooled to room temperature and treated with 500 mL of 
coidHiO. The reaction mixture was tiien extracted with EtiO^X 300 mL). Hie 
combmed organic extracts were washed with H2O (4 X 1 00 mL) and brine (2 X 1 00 mL). 
The organic portion was dried over MgSOi and concentrated to give 52.0 g of tertAsatyl 2* 

i 5 (2-azidoetiioxy)ethylcarbamatB as a light brown oiL 
PaitD 

A solution of reft-butyl 2-(2-azidoeflioxy)ethylcarbamate (47.0 g, 0.204 moO in 
MeOH was treated with 4 g of 1 0% Pd on caibon and shaken under Hi (3 Kg/cm^ for 24 
h. The solution was tiien filtered through a Celite pad and concentrated to give 35.3 g of 
20 crude /erf-butyl 2-(2-aminoetiioxy)ethylcaibamate as a colorless liquid tiuit was used 
without further purification. 
PartB 

A stirred solution of 4^:hIoro-3-nitroquinoline (31.4 g, 0.151 mol) in 500 mL of 
anhydrous CH2CI2* under Nt, was treated with triethylamine (43 mL. 0.308 mol) and tert- 

25 butyl 2-<2-amiiioetfaa39)etlQrlc8rbamate (0.151 mol). After 8tizrmgovemigiht,tiie reaction 
mixture was washed with HxQG^X 300 mL) and brine (300 mL). The organic portion 
was dried over Na2S04 and concentrated to give a brigjht yellow solid. Reciystallization 
fiom ediyl acetate/hexanes gave 43.6 g of terf-butyl 2*{2-[(3-nitroquinoIin-4- 
yl)amino]edioxy}etfaylcaibamatB as brig^ yeDow Gtystals. 

30 PartF 

A solution of <c7f-butyl 2-{2-((3-nitroquinolin-4-yl)amino]etiioxy} ethylcaibamate 
(7.52 g, 20.0 mmol) in totacne was treated with 1 .5 g of 5% Pt on caibon and shaken 
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under H.(3Kg/c„.Vor24L 11- solution was il««fflte«,ttaough,Celite pad and 
concentnu^i to give 6.92 g of cmde re«-b«tyl 2-{2-((3saninoquinoln^ 
yDamuio]e(hoxy}eftyteaibamate as a yeUow synip. 
PartG 

A solution of /«t-bulyl 2-{2-K3-aminoquinolin-4- 
yl)anuno]etho:cy}ethylcaAanuile (10.2 g. 29.5 nunol) in 250 mL of anhydrous CH^ 
was cooled to 0«C and treated with triethylamine (4. 1 8 mL, 30.0 nunol). 
Mel!K«ypropionyl cUoride (3 JO .nl, 30.3 nunol) was th^ 
11« reaction was tl^nwa™^ to ™om tempentoe a^lstir™^ 

Tie reaction nnxtuie was tl^nconcentratBdunderreducedp^^ 

sohd. 'n>i^wasdissolvedfa250nd.ofEtOHandI2.5na.oftrietl^l»i^^^ 

TT.emixturewasl«atedtoreflux.ndstirxed«uierN,overmght TT« reaction was fte„ 

concentraledtodrynessunderreducedpressareandtreatedwifli300niofEt,0 Tie 

mixture was then filtenxl and the mtrate was concentn^ted under 

a brown soUd. The soUd was dissolved in 200 mL of hot MeOH and treated with activated 

chan:oaL TT« hot solution was ffltered and concentrated to give ll.l gof/^4««yl2-{2- 

[2-(2-n.eti»xycthyI)-l^-irddazo[4.5^]quinolin-l-yl]etho^^ 
synqi. 

PartH 

Asolutionof/ert-b«tyl2-{2-[2^2^ethoxyethy0.1^.i„rida2o[4;5^^^ 
yljethoxylethylcarbanute (10.22 g, TAJ »moO in 250 mL of CHQ, Was treated with 3- 
chloroperoxybenzoic acid (MCPBA. 77%. 9.12 g. 40.8 nunol). After stirring 30 nun. the 
react.onnuxturewaswashedwithl%Na,C03Solntion(2X75mL)andbrine The 
organic layer was then dried over Na^SO^ and concentrated to give 10.6 g of to*-butyl2. 
(2-[2<2-oethoxyethyl)-5-oxid«vl^-innda2o[4.5-c]quin^ 
as an orange fown that was used without further purification. 
Parti 

Asolutionofft^-butyl2.{2-I2H2-meflu,xyethyl)-5-oxido-l^-inud^^^^ 
c]quinolin.l-yl]ethoxy}efliylcarbaniate (10.6 g. 24.6 inaioOmlOOniL of 1^ 
dichloroefl«u» was heated to 60'X: and treated with 1 0 niL of concenlnited IWH 
solution. TothenqridlystirredsolutionwasaddedsolidivtoluenesulfonylcWori^ 
g.37.0nBnoI)overal0nuaperiod. THe naction mixture was treated with an additional 1 
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mL concentrated NH4OH solution and Aen sealed in a pressuie vessel and heating was 
continued for 2 h. The reaction mixture was then cooled and treated with 100 mL of 
CHCI3. The reaction mixture was then washed with H20. 1% NaiCOs solution (2X) and 
brine. The organic portion was dried over NaiSO^ and concentrated to give 10.6 g offer/- 
5 butyl 2- {2-[4-amino-2-(2-metfioxyethyl)-l/f-imidazo[4,5-c]quinolin-l- 
yl]edioxy ) etfaylcaifaamate as a brown foam. 
PartJ 

Tcrt-butyl 2-{2-[4-amino-2-(2-meflioxyelhy0-lJ/-inridazoi4,5-c]qumolm^ 
yl]ethoxy}ethylcaibamate (10.6 g, 24.6 nmiol) was treated with 75 mL of 2M HQ in 

10 EtOH and die mixtuie was heated to reflux wifli stirring. After LS h, die reaction mixtuie 
was cooled and filtered to ^ve a gummy solid. The solid was washed EtOH and Et20 and 
dried under vacuum to give the faydiochloride salt as a li^ brown solid. Thefieebase 
was made by dissolvmg the hydrochloride salt in SO mL of HjO and treating widi 10% 
NaOH solution, the aqueous suspension was then concentrated to dryness and the residue 

15 was treated widi CHCI3. The resulting salts were removed Ify filtration and die filtrate was 
concentrated to give 3.82 g of l.[2-{2-aminoedioxy)ediyll-2-(2-medioxyediyl)-l^- 
imidazo[4,5-c]quinolin-4-amine as a tan powder. 
MSSSOCM + H)""; 

'H NMR (300 MHz. DMSCWtf) 5 8.10 (d, J = 8.1 Hz, 1 H); 7,66 (d. J = 8.2 Hz. 1 H); 
20 7.40 (m. 1 H); 7.25 (m, 1 H); 6.88 (br s, 2 H); 4.78 (t. J = 5.4 Hz. 2 H); 3 .89 (t, / = 4,8 Hz. 
2 H); 3.84 (t.7= 6.9 Hz, 2 H); 3.54 (t. J= 5.4 Hz. 2 H); 3.31 (s. 3 H); 3.23 (t,/ = 6.6 Hz. 
2H);2,88(t./»5.3Kz;2I0. 
PartK 

l.[2-(2-Aminoctiu)xy)edIyl]-2-P-medloxyedlyl>li^i^udaz^ 
25 amine (750 mg. 2Ji8 nunol) was dissolved m 30 mL of anhydrous CH2CI2 and cooled to 
0**CunderN2. To the stirred solution were added EtjN (0.64 mL, 4.56 mmol) and 
medianesulibnyl chloride (176 jiL, 2.28 mmol) and die reaction was allowed to warm to 
room temperature over 2 h. The reaction mixture was then quenched by addition of 
saturated NaHCOj solution (30 mL). The organic layer was separated and washed widi 
30 H2O (3 X 25 mL) and brine, dried over Na2S04 and concentrated under reduced pressure 
to give a tan foam. The foam was dissolved in a mininimn amount of MeOH and Et20 
was added and a solid pcrcq)itated from die solution. The off-white solid was isolated by 
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7.42(U-8JIb. , H5;7a4&/.7.0Ifa. , H); «.» fty - 4 4 Hz. I H,- «, , ' 
3^ (t. /= 6.9 Hz. 2 H); 3.04-2^ („, 2 H): 2.81 (s. 3 H); 

Example 2 

^-<2-{2^4^ino-2<2-methoxyc%l)j6j,84^^^^ 
l^-iimda2o[4.5Kr]qumolk-l-yl]etlK«y}e%0met^^ 

r 




PaitA 



20 • , 

«O:(1.0g). TT»i«u«ionnuxtaewMd«to„„,rf„,^pKg,^2j After4d.an 

additional 0.5gofPtQ,w,,«Ulcd«ulI^gcn.tic« 

TT«.«.cticpwaathcnmtcn«lfcoughCclite«Klcance^ 

ffveabrownofl. 1T>cofl was dissolved in 200 of H,Oli«a««dc basic ftfl~n 

addatonoflOo/oNaOHsolution. H^s was *en extracted wifl. 0103(5X75 n.L)Jthe 

coml»««i organic hyen. we« dried over Na,Sd. and concentrate 
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(2-ammoeftoxy)e&yl]-2-<2.methoxycftyl)-6J,8,9-tetiahydro-l^ 
4-ainine as a tan solid. 
MS334(M + H)*; 

NMR (300 MHz, CDQa) 8 5.19 (s. 2 H); 4.49 ft 7 = 5.4 Hz, 2 H); 3.84 (t, J = 6.6 Hz. 
5 2 H); 3.71 (t. J = 5.4 Hz, 2 H), 3J6 (t, J« 5.2 Hz, 2 H); 3.28 (s, 3 H); 3.15 (t./= 6.6 Hz, 
2 H); 2.95 (m. 2 H); 2,82 (m, 2 H); 2.76 (t. J = 5.1 Hz, 2 H); 1.84 (m, 4 H). 1,47 (br s. 2 
H). 
PartB 

l-[2-p-Ammoethoxy)ethyl]-2-<2-methoxye%l)-6J,8,9-tetiahyd^ 
10 imidazo[4,5-clquinolm-4-aniine (1 .00 g, 3.00 mmol) was dissolved in 30 mL of anhydrous 
CH2CI2 and cooled to V*C under N2. To the stined solution were added Et^N (0.84 mL, 
6.00 mmoQ and metlianesulfonyl chloride (232 pl^ 3.00 mmol) and the reaction was 
allowed to warm to room temperature overnight The reaction mixture was then quenched 
by addition of saturated NaHCOj solution (30 mL). The organic layer was separated and 
15 washed widi E2O and brine, dried over Na2S04 and concentrated under reduced pressure 
to give a yellow solid. Ihesolid was triturated with Et20 and a few drops of MeOH. The 
resulting white powder was isolated by filtration and fiirtfaer purified by column 
chromatograpl^ (Si02, 3% McOH/CHCb saturated with aqueous NH4OH) to give 389 mg 
ofN<2-{2-[4-amino-2-(2-mcthoxye%l>^,7,8,9-tetrahydro-l/^imidazo[^^ 
20 yl]ethoxy} e%l)methanesulfonamide as a white powder. m.p. 151.0-153.0 X; 
MS412(M + H)''; 

^H NMR (300 MHz, DMSO-J^) S 7.00 (t, J = 5.4 Hz. 1 H); 5.68 (s, 2 H); 4.44 (t. 7 = 5.1 
Hz, 2 H); 3.77 (t, 7 = 6.8 Hz. 2 H); 3.68 (t, J= 5.0 Hz, 2 H); 3.39 (t, J= 5.8 Hz, 2 H); 
3.28 (s, 3 H); 3.1 1-2.99 (m, 4 H); 2.92 (m, 2 H), 2.82 (s, 3 H); 2.65 (m, 2 H); 1.75 (m. 4 
25 H); 

"C as MHzi DMSO-*) 151 J. 149 J. 1463, 138.4, 124.9, 105.6. 70.6, 70.5, 70.1, 44.5, 
42.4, 32.7. 27.6, 23.8, 23.1. 23.0, 

Anal, Calcd for CisH29N$04S: %C. 52.54; %H. 7.10; %N, 17.02, Found: %C. i52.47; %H. 
722; %N. 16.83, 

30 
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Example 3 
i\r-(2-{2-[4-amino2-(2-methoxyethyl>. 
r-iinida2o[4,5-c]qumoIm-l-yl]ethoxy}c&yl).M^ 
NH2 




1 lV^^^ 



5 

PartA 

Sodium hydride (60% ofl dispersion, 9.1 g, 228 mmol) was placed in a roraid 
bottom fladc and washed with hcxanes(3X)mKier^^^ The dried sodium hydride was 
treated with 800 inL of anhydrouaTHF. A solution of tcrt-butyl2-(2. 

0 «2idoethoxy)cthylcarbamalB (41,9 & 182 mmol) m 200 mL of 

stirred sodhnri hydride solution over 40 min. After addition was conq)lete,fteiwction 
was stiired an additional 20 min foHowed by addition of methyl iodide (13.6 mL, 218 
mmol). AftesturingovemigJit,flieieacti<m was quenched wit^ 
NaHCCb solution. The reaction mhcturo was flien treated with 200 mL of HaO and 1 L of 

5 Et20. The organic phase was sepakted and washed with H2O and brine. Theorganic 
portion was then dried over MgS04 and concentrated under reduced pressure to give 41.9 

gofteft-butyl2-<2-azidoethoxy)e4yl(methyl)caibamatea8ayenowUquid. 
PartB 

A solution of tot-butyl 2-(2-azidoe1hoxy)cthyl(mediyl)cari)amate (41 S g, 170 
) n™oI)m 600 mLofMcOH was treated with 2.5 g of 10% Pd 

%(3Kg^cm^)for24h. ThesohrtionwasflienfatBiedfluou^aCelitcpadand 
concentrated to give 37^1 g of crude /ert-butyl 2-<2-aminoeflioxy)efli3d(metfi5i)caibaniatB 
as a li^ yellow fiqind. 



A stirred solution of 4-chloro-3-nitroquinoKne (323 g, 155 mmol) in 400 mL of 
anhydrous CHiCii, under N2, was treated with trie&ylamine (43.1 mL, 310 mmol) and 



Parte 
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tert-biityl 2-(2-atmnoe11ioxy)effayKniethypcaibainate (37.2 g, 171 nunol). After stixring 
overai^t, the reaction mixture was washed with H2O (2 X 300 mL) and brine (300 mL). 
The organic portion was dried over Na2S04 and concentrated to give a brown oil. Column 
chromatography (SiOi, 33% ethyl acetate/hexane&^7% ediyl acetatc/hexanes) gave 46.7 g 
5 of /ert-butyl mediyl(2-{2-[(3-mtroquinolin-4-yl)amino]ethoxy}ethyl)carbanwt^ as a 
yellow solid. 
PartD 

A solution of rcrr-bu^l methyl(2-{2-[(3-mtioquinoliii-4- 
yl)am]no]e1hoxy}ethyI)caibamate (6.56 g, 16.8 mmol) m 75 mL of toluene was treated 
10 wi& 0.5 gof5%Pt on carbon and shaken under (3 K^cm^ for 24 L Ihe solution was 
flien filtered through a Celite pad and concentrated to ffvt 6.8 g of crude tert-hutyl 2-{2- 
[(3-anunoqu]nolin4-^)amino]etfaoxy}eftyl(mediyl)caibamatB as an orange syrup which 
was canied on without findier purification. 
PartE 

15 Asolutionof ter^butyl2-{2-[(3-aminoquinolin-4- 

yl)amino]ethoxy}ethyl(mcthyI)caIbamate (6.05 g, 16.8 mmol) m 200 mL of anhydrous 
CHiQi was cooled to 0*C and treated with triethylamine (2.40 mL, 17.2 mmol). 
Methoxypropionyl chloride (1.72 mL, 17.2 mmol) was flien added dropwise over 5 min. 
The reaction was then wamied to room tempemture and stirring was continued for 3 h. 

20 The reaction mixture was dien concentrated under reduced pressure to gjve an onmge 
solid. This was dissolved m 200 mL of EtOH and 7.2 mL of trie&yhunine was udded 
The mixture was heated to reflux and stirred under Niovemi^t The reaction was then 
concentrated to dryness under reduced pressure and treated with 300 mL of Et20. Ihe 
mixturB was then filtered and tfie filtrate was concentrated under reduced pressure to give 

25 a brown solid. This was dissolved in 300 mL of CH2CI2 aad washed with H2O and brine. 
The organic portion was dried over Na2S04 and concentrated under reduced pressure to 
give a brown oil. The oil was dissolved in 100 mL of hot MeOH and treated witii 
activated charcoal. The hot solution was filtered and concentrated to give 7.20 g of tert- 
butyl 2-{2-[2-(2-medioxycthyl)-lH-imidazo[4,5-c]quinoliit-l' 

30 yl]ethoxy } ethyl(mediyl)caibamate as a yellow syrup. 
PartF 
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A solution ottertAn^l 2-{242H2-niethoxycthyl>lH-imidazo[4.5s:]qumolin.l- 
yl]e1hoxy}ethyl(metfayl)cait«unate(7.20g. 16.8 omol) in 200 mL of CH.a, was treated 
w.thMCPBA(77%.4J2g.l9.3minoO. After rthii»g 6 h.lhe taction mictowa. 
treatedvrflhsatumtedNaHCOjsolutionandtelayersweiesw TT«orgamc 
portion was ^hed with HiOaiKllrincflua dried over N.2SO4 and conc«^ 
7.05 g oftertAmtyi 2-{2-|:2-(2^ellioxyctbyI).5-oxido-ljy.imJda2o[4;5^Jquinoli^ 
yl]ethoxy}ethyl(methyl)cari)aniate as a light biown solid. 
PartG 

A solution of tert-batyl 2-{2-[2-(2^eaioxyetiiyI)-5-oxido-Uy-iniida2o[4,5- 
c]quinolin4-yl]ethoxy}rthyl(methyl)caibamate O.05 g. 15.9 nnnoO in 100 mL of U- 
dicUoroethane was heated to 80»C and treated with. 5 mL of concentrated NH4OH 
sohition. To the rapidly stined sohition was added solid p-tohienesulfonyl chloride (3 J3 
g. ITJnuBdOovera 10mm period mreactionmixture was treated wi^ 

mLconcentiatedNH^OHsohitioa and then sealed inapresswe vessel andheatmgw 
contmued for4 1 Tlie reaction imxtuie was then cobled^^^^^ lOOmLof 

CH2CI,. 'niereactionmixtnrewaslhenwaahedwithH20,l%Na2C038ohition(3X)airi 
brine. TTw organic portion was dried over Na^SO* and concentnitBd to give 6 JO g of tert- 

lwtyl2-{2-[4-amino-2-{2-methoxyethyl)-lfl:imidazot4.5-c]quinolin-l- 

yl]eflioxy}edQrl(melhyl)cari)amale as a brown oil 

PartH 

Tert-butyl 2-{2-[4.anrino-2H2^nethoxyethyl)-^^^imda2o[4,5-c]qu^nolin-l- 
yl]etfaoxy)eAyKme%DcariMmate (6J0 g, 14.7 mmol) was dissolved in 100 mL of EtOH 
andtieatedwith20mLof2MHamEtOHandflieinixtu,ewasbeatedtoreflnxwit^ 
stiaing. After 6 h. the reaction mixtme was cooled and fataed to give a gummy soUd. 
Tlie soHd was washed wife ElOH and EtjO and dried mider vacuum to give th^ 
hydrochloride saft M a light brown powder, m fiee base was made dis^ 
hydn)chloridesaltm50mLofH?Oandtieatingwith5mLofconcentntedNH«Oa Tlie 
aqueous suspension was extracted with CHaj (5 X 50 mL). ITiecomWned organic hyers 
were dried over Na2S04 and concentrated to give 3.93 g of 2-(2-methoxyethyI)-I-{242. 
(methylamino)ethoxy]etlvl}-lfl'-imidazo[4.5^]qumolin-ls^ as a (an powder. 
MS344(M + H)*; 
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'H NMR (300 MHz, DMSO-d«) 8 8.07 (d,y - 7.7 Hz, 1 H); 7.62 (dd, / - 1.0, 8.3 Hz, 1 
H); 7.42 (ddd, J= 1 .0, 7.1, 8 J Hz, 1 H); 7.22 (ddd, J = 1.1, 7.1, 8.2 Hz, 1 H); 6.49 (s, 2 
H); 4.75 (t, / = 5.1 Hz, 2 H); 3.83 (t, y = 6.8 Hz, 4 H); 3.35 (t, y = 5.6 Hz, 2 H); 330 (s, 3 
H); 321 (t, J = 6.9 Hz, 2 H); 2.45 (t, 7 = 5.6 Hz, 2 H); 2.12 (s, 3 H). 
5 Paitl 

2K2-Methoxye%l)-l-{2-[2Kmc%lammo)etlioxy]ethyl}-lH-imidazo[4,5- 
c]quinolin-4-amiiie (1.00 g, 2.92 nunol) was dissolved in 30 mL of anhydrous CRiCh and 
cooled to O'C under Ni. To &e stiired solution were added EtsN (0.81 mL, 5.81 mmol) 
and me&ancsulfonyl chloride (226 pL, 2.92 mmol) and flw naction was allowed to wann 

10 to nwm temperatme ovemig^ The reaction mixture was tten quenched by addition of 
saturated NaHCOs solution (30 mL) and CH2CI2 00 mL). The organic layei was 
separated and washed wifli 1^0 and brine, dried over Na2S04 and concentrated under 
reduced pressun. CiystaOization of die lesidne fiom EtOAc and CHzCh gave 756 mg of 
/^^-{2-[4-amino-2-^;medioxyediyO-Uf-iniidazo[4,5-c]quinolin-l-yl]i^^ 

IS niefliyfanetliaiiiMulfonamide as tan oystals. m.p. 145.0-146.5 *C; 
MS422^+H)*; 

'H NMR poo htaz, DMSOw/tf) 8 8.06 (d, 7 = 7.8 Hz, 1 H); 7.61 (dd, J = 0.9. 8 J Hz, 1 
H); 7.42 (t, / = 7.2 Hz, 1 H); 7.23 (ddd, J = 1 .0, 7.0, 8.0 Hz, 1 H); 6.50 (s. 2 H); 4.77 (t, J 
= 5.0 Hz, 2 H); 3.87 (t. 7 = 5.0 Hz. 2 H). 3.83 (t, J = 6.8 Hz, 2 H); 3.48 (t. J = 5.5 Hz, 2 
20 H); 3.30 (s, 3 H); 3.22 (t, 7 = 6.8 Hz, 2 H); 3.13 (t, 7 = 5 J Hz, 2 H); 2.77 (s, 3 H); 2.63 (s, 
3H); 

"C NMR (75 MHz, DMSO-di) 8 153.9. 153.8, 147.0, 134.6, 128.6. 128.5, 123.4, 122.5, 
1 17.0, 72.4, 71.2, 60.4. 51.1, 47 J, 373, 37.2, 29.6. 

AnaL Calcd for Ci9lfc7N$p4S: %C, 54.14; %H, 6.46; %N, 16.61. Found: %C 53.92; %H, 
25 6J2;%N, 16.47. 
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Exaziq)le4 

i^K2-{2^4^imino.2<2.metIioxyethyl)-6,^ 
lif.i2nida2o[4.5.c]quinolii,.l.^^^^^ 




Part A 

2-(2-Methoxye%l).l.{2^2<iiie%lainiiK))eaiffl^ 
c]qumolin-»-amme(4.22g. 12Jnmol)wMdissohredm25niLrftri£h.oiDacetic«idand 
treated with PtOi (0.5 g). The reaction mixture was shaken onderlfc (3 After4 
d, an additional 0.5 g of PtO, was added and hydrogenation was continued for an 
additiond 3 d The reaction mixture was then filtered through 
underreducedpressuretogiveayeUowofl. The yeUow oil was dissolved in 50 mL of 
H2O and extracted with 50 mL of CHCI3. The organic portion was removed and 
discarded. The aqueous portion was then made basic (pH~12) by addition of 10% NaOH 
sohitian. ™8wastbenextnu:tBdwifliCHCl,(6X50inL)andlheoombiDedorgamc 
layers were dried over NaaS04 and concentatHl to a brown oil. The brown ofl was 
dissolvedin lOOmLofhotMeOHandtreatedwith 1 g of activated charcoal Ihehot 
sohitionwasfilteredthioughCeliteandconcentnitedtodryness. The resulting gunnny 
soUd was concentrated several thncs with EtjO to give 3.19 g of 2<2-methoxyefliyI)-l-{2- 

[2<methylamino)ethoxy]efliyl}^J,8^.tBtralydrD.l^.imida»[4^^^ 
an off-white powder. 

MS348(M+H)*; 

'H NMR (300 MHz. CDQ,) 8 4.84 (s, 2 H); 4.48 (t. / = 5.7 Hz, 2 H); 3.84 (U - 6.7 Hz, 
2H); 3.70 (1.7- 5.7 Hz, 2 H); 3.46 (t. /= 5.1 Hz. 2 H); 3J6 (s. 3 H); 3.14 (t.y = 6.7 Hz, 

2H);2.96(m.2H);2.83(m.2H);2.65(t.y=5.1H2.2H):2.36(8.3H);1.85(m.4H). 
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PaitB 

(2-(2-Methoxye%l>l-{2-[2-(me%lammo)ethoxy]e%l}-6,7,8,9-tetra^ 
iniidazo[4,5-c]qumolin-4-ainine (750 mg, 2.16 mmol) was dissolved in 30 mL of 
anhydrous CH2CI2 and cooled to 0°C under Ni. To the stirred solution were added EtjN 

5 (0.60 mL, 4.32 mmol) and methanesulfonyl chloride (167 pL, 2.16 mmol) and the reaction 
was aUowed to warm to room temperature over 3 h. The reaction mixture was then 
quenched by addition of saturated NaHCQj solution (30 mL) and CH2CI2 (30 mL). The 
organic layer was separated and washed with 1^0 and brine, dried over Na2S04 and 
concentrated under reduced pressure. Purification by coluom chiomatography (SiQii 3-5% 

10 MeOH/CHas saturated with aqueous NH4OH) gave the product as a colodess gjass. The 
material was then concentrated wifli uo-propyl alcohol to give a syrup which solidified 
upon standing in the fieezer. The solid was dried under vacuum to give 437 mg of N-O^- 
{2-[4-amino-2-(2-methoxyethyl)-6y7,8^-tetrahydro-l/r-inndazo[4,5H:]qnino 
yl]edioxy}ethyl)-NHnethylmethanesttlfiDDamide as off-white crystals. 

15 m'p.llS.3-117.8^C; 
MS426(M + H)*; 

*H NMR (300 MHz, DMSO-ifc) 5 5.65 (s, 2 H); 4.44 (t, / - 5.2 Hz, 2 H); 3.76 (t. J = 6.9 
H2.2H),3.70(t,/=5.3Hz,2H); 3.47 (t, J = 5.5 Hz, 2 H); 3.27 (s, 3 H); 3.15(t,/=5.5 
Hz. 2 H); 3.08 (t./= 6,9 Hz, 2 H); 2.93 (m, 2 H) ; 2.78 (s, 3 H); 2.65 (s. 3 H); 2.64 (m, 2 
20 H);1.74(m,4H); 

"C NMR (75 MHz. DMSO-*) 8 151.2, 149.3, 146.3, 138.5, 124.9, 105.6, 70.6. 70,5, 

69.2,58.4,49.2,445.35.4.35.2,32,7,27-6,23.8.23.1,23.0. 

Anal. Calcd for Ci9H27N3O4S»0.40 CaHgO: %C, 53.97; %H. 7,67; %N. 15.58, Found: 

%C, 53.71; %H, 7,48; %N, 15.77, 



36 



wo 02/46190 



PCT/USOl/46582 



Exampl 5 

2-Bulyl-l-{2-[2-<14HMoxidoisotiuazoKdm-2-yl)ea^ 
l/r-iim(la2o[4,5'<]quuioIin-4^amme. 




Under a nitrogen atmosphere, chloropropylsulfonyl chloride (0.05 ml, 0.46 mmol) 

was added dropwise to a solution of l-[2-(2-aminocthoxy)ethyl].2-butyl-lfl'-nnida2o[4^ 

c]quinolin-4-amine (0. 12 g. 0 J7 mmol) and triethylamine (0.065 ml, 0.46 mmol) in 

dichlonnneduiie (5 ml). TTie reaction was stirred for 20 hours foUowed by removal of flie 

soWent in vacuo. The resulting oS-vMto soM was dissolved in N,N-dimctl^Ifonnamide 

(5mL) and l,8Hiiaaabicyclo(5.4.0]uiidec.7-ene (0.087ml, 0.58 mmol) was added. The 

reaction was sdned fm 1 8 hours mOa aa atmosphere of mtiogen and then quenched with 

water and extracted wid» dicUoromediane (2X). The organic fiaetions were combined. 

washed with water fonowed by brine, dried (Na2S04), filtered, and concentrated in vacuo 

to provide an o£F-wbite soUd. Reciystallization ftom e%l acetate yielded 0.068 g of 2- 

buQrl.l.{2-[2Kl,l-dioxidoisolhiazolidin-2.^)eaio3qr]e%l}-l/^imidazo(4,5< 
amine as off-white crystals, m.p. 1 52-1 S4°C. 

'H-NMR (300MHz. DMSOds): 5 8.06 (d, J = 8.1Hz, IH). 7.62 (d. J = 7.9Hz, IH). 7^42 
(t, J = 7.6Hz, IH), 7.23 (t, J = 7.5H2, IH). 6.52 (s. 2H). 4.73 (t. J = 4.99Hz. 2H), 3,86 (t. J 
= 5.0Hz, 2H), 3.46 (t, J = 5.3Hz, 2H). 3.07 (t. J = 7.66Hz, 2H), 2.97-2.87 (m, 6H), 2.04 
(quintet, J- 6.8Hz, 2H), 1.81 (quintet. J -7.6Hz. 2H), 1.46 (sextet, J -7.4Hz, 2H),0i)6 
(t,J=7JHz,3H); 

"C-NMR (75MHz, DMSCM«): 5 154.6, 152.9, 145.1, 133.0, 126.8. 126.6, 121.6. 120.8. 
115.3, 69^, 69.1, 47.0, 45.5, 45.0. 43,7. 29J. 26.2, 21.9, 18.1, 13.7; 
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Anal calcd for CiiHzsNiOiS^O^SHiO: %C. 57.84; %H, 6.82; %N, 16.06; %S, 7 J5. 
Found: %C, 57.90; %H, 6.79; %N, 15.92; %S, 7.55. 

5 Examples 6 -26 

PartA 

A solution of tert-haiyl 2-{2-[(3-ainmoqumolm-4- 

10 ^)ammo]edi0xy}efli^caibaiDatD (3.46 g, 10.0 mmol) in 50 mL of toluene was treated 
widi trielfayloitfaovaieFate (2.5 inL» 14.5 mmol) and the reaction mixture was heated to 
reflux. A 25 mg portion of pyridinium hydrochloride was dien added and refluxing was 
continued for 4 h. The reaction was then concentrated to dryness under reduced pressure. 
The residue was dissolved in 50 mL of CHiOi and washed with saturated NaHCOa, H2O 

15 and brine. The orgainc portion was dried over Na2S04 snd concetrated to give a green oil. 
The green oil was dissolved in 50 mL of hot MeOH and treated with activated charcoal. 
The hot solution was filtered and concentiated to give 4. 12 g of tertA>uty\ 2-[2-(24}utyl- 
l/^iQlidazo[4,5-c]quinolin-l-yl)ethQl^]ett[YlcaIbamato as a yellow oiL 
PartB 

20 A solution of ter^-butyl 2-[2-^-t>ut^-lH-iniidazo[4»5-c]quinolin-l* 

yl)e1faoxy]6tl^Icaxbamate (4.12 g, 10.0 mmol) in 50 mL of CHiCh was treated wi& 3- 
cUoropecoxybenzoic acid (MCPBA, 77%, 2.5 g, 1 1 2 mmol). After stirring for 5 h, flie 
reaction mixture was treated widi saturated NaHCX)3 solution and die layers were 
separated. The oiganic portion was washed wifh H2O and brine dien dried over Na2S04 

25 and concentrated to give 3.68 g of /crf-butyi 2-[2-(2-bufyl-5-oxido-l/f-imidazo[4,5- 
c]quinolin-l*yl)ettioxy]ediylcaxfoamate as a light brown foam. 
Parte 

A solution of tert-butyl 2-[2-{2-butyl-5-oxido-lir-imidazo[4,5-c]quinolin-l- 
yl)ethoxy]etfaylcaibamate (3.68 g, 8.60 mmol) in 100 mL of l^-ificUoioethane was 
30 heated to 80 "X; and treated with 10 mL of concentrated NH4OH solution. To the rapidly 
stined solution was added solid p-toluenesulfon^ chloride (1.87 g, 9.81 mmol) over a 10 
minperiod. Thereactionniixtura was then sealed ma pressure vessel and heating was 
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«»iitmiiedfor2h. The reaction nuxture was then' cooled and treats 

CHzCt. The reaction mixtme was tiien washed with HaO. 1% NaiCOj soUiti n (3X) and 

brine. The organic portion was dried over NajSO* and concentrated to give 3.68 g of tert- 

butyl H2-(4^o-2^ulyl-lH-imida20[4^-o]quinplin-l-yl)e^ „ ^ 

light brown foam. 

PaitD 

Tert-butyl2-[2<4-amino-2-butyl-l/f-iinidazo[4^<3quinolin-l- 
yI)ethoxy]ethylcaibamate (3.68 g, 8.60 mmol) was suspended in 20 mL of 2M HO in 
EtOH and the mixture was heated to reflux witiistiirmg. After 3 h. the reaction mixture 
was concentrated to give a solid. The solid was triturated with hot EtOH (50 mL) and 
filtered to give 2.90 g of the product as the hydrochloride salt The fiee base was made by 
dissolving the hydrochloride salt in 50 mL of HjO and treating with 5 mL of concentrated 
NH4OH. lie aqueous suspension was extracted with ClfcCt (3 X 50 mL). The 
combined organic layera were dried over NajSO^ and concentrated to give l-l2-(^. 

minoetfaoxy)efliyl^24JUlyI-lJy.imida2o[43•<lquinol^^ 
MS328^+H)*; 

'H NMR (300 MHz. CDQj) « 7S5 (d.y- 8.3 Hz. 1 H): 7.83 (d. /- 8.4 Hz, I Kf, 7 50 
(m. 1 H); 7J0 (m. 1 H); 5.41 (a, 2 H); 4.69 (t.7" 5.6 Hz. 2 H); 3.93 (t,/= 5.6 Hz. 2 H^; ' 

3J9(t,y=.5.1 Hz,2H);2.97(t,y=7.9Hz,2H);2.76(t.J«5.1Hz.2H); 1.89(m.2H); 

1.52 (m. 2 H); 1.26 (br s, 2 H); 1.01 (t.^ = 7J Hz. 3 H). 

PartE 

The compounds in flje table below were prepared according to tiie synthetic 
method of step (7) of Reaction Scheme H above using the foflowing general method. 

The sulfonyl chloride or the sulfiunoyl chloride (1.1 eq.) was added to a test tube 
containinga8olntionofH2^^mnnoelhoxy)caiyl]-2-butyl-lff.i^ 
aniine(25nig)indichloiomcihane(5 niL). TTie test tube was capped and then placed on a 
shaker at ambient temperature for 18- 20 hr. The solvent was removed by vacuum 
centrifiigation. The residue vw purified by semi^HeparativeHFLC using flie method 
descnljed above. The products were verified by accurate mass and 'H NMR, The table 
below shows tiie structure of fl» fite base and file observed accurate mass (M + H). 
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ExampI 
Number 


Structure of Free Base 


Accurate Mass 
(obs,) 








9 




448.2367 








. 10 


0 


468J2075 








11 




474.1625 
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Example 
Number 




Structure of Pre 


Base 


Accurate Mass 
(obs.) 






/ 






12 


U 




o 


482^14 












13 






■ • 


466.1967 

• 












14 








493.2009 



42 



wo 02/46190 PCT/USOl/46582 



ExampI 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 








15 




493^025 








. 16 




498^195 








17 




504.1861 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 






CH, 












18 


(J 














19 






518^43 

• 










20 




0^ 


519^158 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 








21 




536,1917 




'K' — 




22 




544.2384 








23 




546.1852 



45 



wo 02/46190 



PCTAJS01/46S82 



Exampi 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 


24 




55Z1874 


25 




615^848 


26 




542^779 



46 



wo 02/46190 



PCT/US01/46S82 



Examples 27 -39 

PaitA 

Using the general method of Part A of Examples 6 - 26, 4-piperidineethanol (10 g. 
77,4 mmol) was reacted with di-/e/-/-butyl dicaibonate (17.7 g, 81.3 mmol) to provide 13.1 
g of /crt-butyl 4-(2-hydioxyethyl)piperidine-l-carboxylate as a clear oil. 
PaitB 

Iodine (7.97 g) was added in three portions to a solution of imidazole (3.89 g, 57.1 
mmol) and triphenylphosphine (14,98 ft 57.1 mmol) in dichloromettane (350 mL). After 
5 minutes a solution of the material from Part A in dichloromefliane (70 mL) was added. 
Tlic reaction mixture was stirred at ambient temperature oveinig>^t More iodine (7.97 g) 
was added and the reaction was stined at ambient temperature for 1 hr. The reaction 
mixture was washed wifli saturated sodium ftiosulfate (2X) and brine, dried over sodium 
sulfate, fatered and Aen concentrated under reduced pressure to provide an oily residue. 
The residue was purified by column chromatography (silica gel eluting with 20% ethyl 
acetate in hexanes) to provide 15.52 g of feit-butyl 4-(2-iodoeaiyl)piperidine-U 
caiboxylate as a pale yellow oil 
Parte 

Under a nitrogen atmosphere, 2-(l^.imidazo[4,5w:]quinolin-l-yl)butan-l-ol (6.5 g, 
26.9 mmol) was added m flnee portions to a suspension of sodium hydride (1.4 g of 60%, 
35.0 mmol) in anhydrous NJ^-dimethylformamide. The reaction mixture was allowed to 
stir for 45 minutes by which time gas evolution had ceased. Terf-butyl 4-(2- 
iodoethyl)piperidine.l-carboxylato (10.05 g, 29.6 mmol) was added dropwise over a 
period of 15 minutes, the reaction mixture was allowed to stir at ambient temperature for 
2.5 hrs; then it was heated to lOffHT and stirred overnight Analysis by HPLC showed that 
the reaction was about 35% complete. Saturated ammonium chloride solution was added, 
the resulting mixture was allowed to stir for 20 minutes and then it was extracted with 
e%l acetate (2X). The ethyl acetate extracts were washed with water (2^ and Aen widi 
brine, combmed, dried over sodium sulfate, filtered and fhesa concentrated under reduced 
pressure to provide a brown oil The .oil was purified by column chromatography (silica 
gel eluting sequentially with 30% etihyl acetate m hexanes, 50% eftyl acetate in hexanes, 
and e%l acetate) to provide 2,2 g of /ert-butyl 4-{2-[2-(li/-imidazo[4,5-c]quinolinrl. 
yl)butoxy]ediyl}ptperidine*l*caiboxylate. 
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Using tiie general metiiod of Examples 6-26 Part (fae material fiom Part C was 
oxidized to provide tertAmtyl 4-{2-[2-(5-oxido-l/f-imidazo[4,5-c]quinolin-l- 
yl)butoxy]ethyl}piperidine-l-caxboxylate as an oil. 
S PartE 

Ammonium hydroxide solution (20 mL) was added to a solution of the material 
from Part D in dichloromethanc (20 mL). A solution of tosyl chloride (0.99 g, 5.2 mmol) 
in dichloTomethane (10 mL) was added over a period of S minutes. The resulting biphasic 
reaction mixture was allowed to stir overnight The reaction mixture was diluted with 

10 chloroform and saturated sodium bicaibonate solution. The layers were separated. The 
organic layer was dried over sodhmi sul&te , filtered and then concentrated under reduced 
pressure to provide a brown glass. Thismaterial was purified by column chromatography 
(silica gel eluting first with 50% etfayl acetate in hexanes and then widi e^l acetate) to 
provide LO g of tertAjnOyl 4- {2-[2-(4-amino-l^-imida2o[4,5-c]quinolin-l- 

15 yl)butoxy]etfayl}piperidine-l-caiboxylatB as pale yellow glassy foam. 
PartF 

Under a nitrogen atmosphere, rert-butyl 4-{2-[2-(4-ammo-liy-imidazo[4,5- 
c]quinolin-l-yl)butoxy]ethyl}pipcridin&-l-caiboxylate (1.00 g, 2.1 mmol) and 2N 
ethanolic hydrochloric acid (10 ml, 20 mmol) were combined and the solution was stirred 

20 at ambient ten^)erature for 14 hours. The solvent was removed in vacuo and the resulting 
tan solid was dissolved in water. Saturated aqueous sodium carbonate was added until the 
pH reached 10. After extraction .widi dichlorometfaane (3X), die organic fractions were 
combined, washed widi brine, dried (Ka2S04). filtered, and tiie majority of the solvent was 
removed m vociio. Hexane was added to form a precipitate. Vacuum filtration yielded 0.5 

25 g of l-{l-[(2-piperidin-4-yletho3or)methyl]propyl)-lH-imida2o[4,5-c]quirioto as 
a tan powder. 

*H-NMR (300MHz, DMSO^) : 5 8.34 (bs, IH), 8.19 (d. J « 8.49, IH), 7.61 (dd, J « 8.31. 
1.13, IH). 7.45-7.39 (m. IH), 725-7.19 (m. IH). 6.55 (s, 2H), 5.25-5.15 (m. IH). 4,00- 
3.80 (m, 2H). 3.5-3.3 (m, 2H). 2,8-2.64 (m, 2H), 2.22-2.11 (m. 2H). 2.09-1.99 (m, 2H), 
30 1.8-1.63 (bs, IH), 1.37-1.0 (m, 5H), 0.95-0.7 (m, 5H); 

''C-NMR (75MHz, DMSO-d«): 5 152.8, 145.8, 140.6, 133.0, 127.8. 127.0. 126.9, 121.3. 
121.0. 115.5. 71,8, 68.1. 58.4, 46,1, 363, 33,1. 32.7. 24,5. 9.9; 
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MS (CI) in/e 3682459 (368.2450 calcd for C2iH3oN50). 
PaitG 

The compounds in the table below were prepared according to the synthetic 
meftod of step (7) of Reaction Scheme U above using the following general method. 

The sulfonyl chloride or the sul&moyi chloride (1.1 eq.) was added to a test tube 
containing a solution of l-{l-[(2-piperidin4.ylethoxy)methyl]propyl}-l^-im 
c]quinolin-4-amine (25 mg) in dichloromethane (5 mL). The test tube was capped and 
then placed on a shaker at ambient temperature for 20 hr. He solvent was removed by 
vacuum centrifugation. The residue was purified by semi-prepaiative HPLC using Ihe 
method described above. The products were verified by accurate mass and 'H NMR. The 
table below shows the structure of tiie free base and the observed accurate mass 
(M + H). ■ 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 




^^^^^^^^^^ 




33 




533.2315 


34 




538^477 


35 


F 


544^166 
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Example 
Number 


Structure of Free Base 


Accurate Mass 
(obs.) 


39 




655.3173 



Exaniples 40 -49 

Part A 

5 Asolutionof<crt-butyl2-{2-K3-aminoquinolin-4- 

yl)ainino]etiioxy}ethylcaibainatB (6.92 g, 20.0 mmol) in 100 mL of toluene was treated 
with tricdiylorthofonnatB (4.65 mL, 28.0 mmol) and the reaction mixture was heated to 
TtfLvaL A 100 mg portion of pyridinium hydrochloride was then added and refluxing was 
continued for 2 h. The reaction was then concentrated to dryness under reduced pressure. 

10 the residue was dissolved in 200 mL of CH2CI2 and washed wi& saturated NaHCOa. H2O 
and brine. The organic portion was dried over NaiSOA and concentrated to give a green 
. oil. The green oil was dissolved in 200 mL of hot MeOH and treated with 10 g of 
activated charcoal. The hot solution was filtered and concentrated to give 5.25 g often- 
butyl 2-[2-(lH-imidazo[4,5-c]qumolin-l-yl)ethoxylethylcaTbamatB as a li^t yellow 

15 syrup, 
PartB 

A solution of tert-butyi 2-[2-(l/r-imida2o[4,5-c]quinolin-l- 
yl)cflK)xy]ethylcarbamatB (5.25 g, 14.7 mmol) m 200 mL of 01202 was treated with 
MCPBA (77%, 3.63 g, 16.3 punol). After stirring overnight, the reaction mixture was 
20 treated with saturated NaHCOa solution and Oe layers were separated. The organic 

portion was washed with H2O and brine ften dried over Na2S04 and concentrated to give 
4.60 g of /crt-butyl 2-[2-(5-K>xido-li/-imidazo[4,5<]quinoliiFl-yl)eflioxy]efliylcarban^ 
as a light brown foam. 
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I 

j 
i 

Parte 

A solution of /er/-butyl 2-[2-<5H)xido-lH'--imidazo[4,5-c]quinolin-l- 
yl)ethoxy]ethylcaibainate (4.60 g, 12.4 mmol) in 150 mL of 1 ,2-dichloroethane was 
heated to 80 °C and treated widi 10 mL of concentrated NH4OH solution. To the rapidly 

5 stirred solution was added solid p-toluenesulfonyl chloride (2.71 g, 14.2 mmol) over a 10 

min period The reaction mixture was treated with an additional 2 mL of concentrated ! 
NH4OH solution and then sealed in a pressure vessel and heating was continued for 3 h. 
Tlie reaction nuxtttie was then cooled and treated witii 100 mL of CHiCIli- Theteaction 
mixture was Hica washed viofli H20, 1% NajCXDs solution (3X) and hike. The organic 

10 ' portion was dried over Na2S04 and concentrated to give 4.56 g of terr-butyl2-[2-(4- 

i 

amino-l/f-imidazo[495-c]quinoliii-l-yl)ethoxy]etfayicarbaniatB as a light brown foam. 
PartD 

Terr-butyl 2-[2-<4-amino-l/r-imidazo[4^]quinolin-l-yl)ethoxy]etfaylca 

(4.56 g, 123 mmol) was dissolved in 100 mL of EtOH and treated witii 30 mL of 2M 
15 in EtOH and die mixture was heated to reflux witii stirring. After 3 h« the reaction mixture 

was concentrated to give a solid The solid was triturated with hot EtOH (100 mL) and 

filtered to give the product as the hydrochloride salt The free base was made by 

dissolving die hydrochloride salt in 50 mL of H2O and treating witii 5 mL of concentrated 

NEI4OH. The aqueous suspension was extracted with CH2Q2 (5 X 50 mL). The 
20 combined organic layers were dried over Na2S04 and concentrated to give 1 .35 g of l-[2- 

(2-amiiioetiioxy)ed)yl]-lif-inudazo[4,5Kr]qumolin-4-anune as a tan powder. 

MS272(M+H)*; 

'H NMR (300 MHz. CDQa) 8 7.98 (47= 8.2 Hz, 1 H); 7.88 (s. 1 H); 7.84 (d,y - 8.4 Hz, 
1 H); 7.54 (m. 1 IQ; 7.32 (m, 1 H); 5.43 (s, 2 H); 4.74 (t, J « 5.2 Hz, 2 H); 3.97 (t. J = 52 
25 Hz,2H);3.42(t,y=5.1Hz,2H);2.78(t,/«5.1Hz,2IQ;1.10(brs.2H). 
FartE 

The compounds in the table below were prepared according to the synthetic 
me&od of step (7) of Reaction Scheme II above using the following general method. 

l-[2-(2-Aminoethoxy)ethyl]-lif-inudazo[4,5-c]quinolin-4-arim (20 mg) and 1- 
30 mcthyl-2^yrrolidinone (5 mL) were combined in a test tube and then heated and sonicated 
to provide a solution. The sulfonyl chloride (LI eq.) was then added to die test tube. The 
test tube was capped and then placed on a shaker at ambient temperature for 20 hr. The 
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solvent was removed by vacuum centriiugatioiL Thetesidu was purified by semi- 
preparative HPLC using the method described above. The products were verified by 
accurate mass and l^h/[EL The table below shows die stnictoze of the fiee base and the 
observed accurate mass (M + H). 



Example 
Number 


Structure of Free Base 


Accurate Mass 
Cob8.V 


40 




302.1781 


41 




412.1468 


42 




430.1348 
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Example 
— Mymlp^r 


Structure of Free Base 


Accurate Mass 








43 




442.1572 


44 


F 


446.1259 


45- 


X3 


462.1571 
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Example 
Nun»er . 


Structure of Free Base 


Accurate Mass 
(obs.) 








46 




480.1274 








47 . 




488.1722 








48 




490.1224 
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ExampI 
Number 


Structure of Free Base 


Accurate Mass 


49 


X 


(obs.\ 

406.1230 



Example SO 

N^I(K4.aim<^2^ethyl-l^.iniida2o[4^J,^ 

5-dime%lammonaphaialene-l-snlfi)namide 




NH 



o=s=o 




PartA 

4,7-Dioxadecane-l,10Hi5amine (32.6 g. 0.1 85 mole) m acetooitrile (100 mL) w 
cWlled in an ice bath. To this was slowly added diopwise dansyl chloride (5 g. 0.0185 
mole) dissolved in acetonitrile (60 mL) over a 20 min. period. Stiiring in an ice badi w 
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continued for 1 .5 hi. The reaction mbctuie was pouted into water (about 300 mL) and 
extracted with dichlordmediane (2x 100 mL). The combmed extracts were washed with 
water and dried to give an oil. The oil was purified fay column chromatography (silica gel 
elating with acetonitnle containing increasing amounts of etfaanol) to provide 4.6 g of N- 
5 (1 0-amino-4 jHlioxadecyl)-5-dtmethylanunoriaphtfadeiie*l-sulfonanu as a viscous oil. 

'H-NMR (500 MHz, CDQs) L65 (2H, quin), 1.75 (2H, qum), 2.80 (2H, t, 6,59 Hz). 2.87 
(6H, s). 3.03 (2H, t, 6.1 Hz), 3.43 (2H. m), 3.47 (2H, m), 3.52 (2H, m), 3.59 (2H, t. 6.22 
Hz), 7.18 (IH, d, J = 7.08 Hz)), 7.56 - 7.49 (overlapping multiplets, 2H), 824 (dd, IH, J - 
10 1.2, 7.3 Hz), 8,31 (d,lH), 8.53 (d,lH). 
PaitB 

A solution of 2,4-<lichloro-3-nitroquinolme (2.71 g, 0.01 15 mole) in toluene (100 
mL) was cooled to 0 - 5^ in an ice bath. Triethylamine (1.S g) was added in one portion. 
A solution of N-(10-axnino-4,7-^oxadecyl)-5H]imefliyIaniinonaphtfaalene-l-sul^^ 
15 (4.6 g, 0.01 159 mole) in toluene (60 mL) was added dropwise while maintaining &e 
temperature below 1 (fC, The reaction was stirred at 2 - 5**C for 4 hrs and at a room 
temperature of 21**C ovemi^t (18 hours). Thin layer chromatography (dichloromethane: 
ethanol) showed a trace of die amine starting material, but was mostly a bright yellow spot 
at ttie solvent front assumed to be the addition product The toluene was removed by 
20 rotary evaporation to provide a viscous oil. The oil was purified by column 

chromatography (silica gel, dichloromethane/ethanol) to provide 2.4 g of N-[10'<2-chloro- 
3HiitrD-4-quinolinyI)amino-4,7-dioxadecyl]- 
5-dimethyIaminonaphthalene- 1 -sulfimamide. 

'H-NMR (CDQs) 1.62 CHi quin), 2.05 (2H, quin), 2.87 (6H, s). 3.03 (2H. m), 3.47 (4H, 
m). 3.55 (2H. m). 3.65 (2H. m), 3.73 (2H. t, 5.37 Hz), 5.75 (IH, t. 4.39 Hzjffl). 6.91 (IH. 
t. 4.76 Hz, NH), 7.15 (IH, d, 7.32 Hz), 7.30 (IH, m), 7.50 (2H. overlapping t), 7.62 (IH, 
m), 7.82 (IH, d, 7.44 Hz), 7.88 (IH. d, 8.54 Hz). 8.22 (IH, m ). 8,29 (lH.d, 8.42), 8.52 
(rH.d,8.06Hz). 
Parte 

Material from Part B (2,2 g, 0.00357 mole) was dissolved in ethanol (150 mL). 
Catalyst (about 1 g of 5% Pt/C) was added and the mixture was hydrogenated using a Parr 
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V aa. J 7 J. Hz), 8.30 (IH, d. 8.66 Hz), 8.49 (IH. d 8 54 Hzl 

.«CH,,,«^,CHX.».« 
141.82(0.142.03(0,151.75(0. > -'^t^J. 137.17(0. 

PartD 

PartE 

pmfi^bycolunu,cluonutog„.phy(silicagcl;efl^^^ 
6 oi a OTOwn ofl. 
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"H-NMR (400 MHz, CDOa) L53 (2H, t, 7.08 Hz), 2.05 (2H, m), 2.45 (3H, s). 2.70 (6H, 
8), 2.90 (2H, t, 5,98 Hz), 3.30 (8H, br, m), 4.40 (2H. t, 6.59 Hz), 5.75 (2H, br s NHa), 6.65 
(IH. br s NHS02),7.00 (IH. d, 7.54 Hz), 7.14 (IH, t, 8.06 Hz), 7.30 (3H, m), 7.64 (IH, d, 
5 8.30 Hz), 7.88 (IH, d, 8.18 Hz), 8.06 (lH,.d. 7.33 Hz), 824 (IH, d. 8.54 Hz), 8.36 (IH. d, 
8.55 Hz). 

This material was then purified by high performance liquid chromatography using 
a Bondapak C18 12.5 nm reverse phase column (available from Waters, Milford, MA) 
eluting with a composite gradient of acctonitrile m water to provide the desired product 

10 

CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro human blood cell system is used to assess cytokine induction. Activity 
is based on tfie measurement of interferon and tumor necrosis fiictor (a) (IFN and TNF, 
15 respectively) secreted into culture media as described by Testerman et al. In **Cytokine 
Induction by die Immunomodulators Imiquimod and S-27609", Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 
Blood Cell Prepaiation for Culture 

Whole blood fix«n healthy human donors is collected by venipuncture into EDTA 
20 vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) are separated from whole 
blood by density gradient centrifugation using Histopaque<S>-1077. The PBMCs are 
washed twice with Hank's Balanced Salts Solution and then are suspended at 3-4 x 10^ 
cells/mL in RPMI complete. The PBMC suspension is added to 48 weU flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickinson Labware, Lincofai Paric, 
25 NJ) containing an equal volume of RPMI complete media containing test conq>ound. 
Compound Preparation 

The compounds axe solubilized in dimeAyl sulfoxide (DMSG). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells. 
30 Incubation 

The solution of test compound is added to the first well containing RPMI complete 
and serial dilutions are made in the wells. The PBMC suspension is then added to the 
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wells in an equal volume, bringing the test compound concentrations to the desired range. 
. The iSnal concentration of PBMC suspension is 1.5-2 X 10^ cells/mL. The plates are 
covezed with sterile plastic lids, mixed gently and then incubated for 18 to 24 hours at 
37^C in a 5% carbon dioxide atmosphere. 
5 Separation 

. Following incubation the plates are centrifuged for 5-10 minutes at 1000 xpm 
(^200xg)at4*C The cell-fiee culture supernatant is removed with a sterile 
polypropylene pipet and transferred to sterile polypropylene tubes. Samples are 
maintained at -30 to -70**C until analysis. The samples are analyzed for interferon-a and 
10 for tumor necrosis fector-a by EUSA. 

Interferon (a^S and Tumor Necrosis Factor fa^ Analysis bv EUSA 

Interferon-a concentration is determined by ELIS A using a Human Multi-Species 
kit from PBL Biomedical Laboratories, New Brunswick. NJ. Results are ejqpressed in 
pg/mL. 

1 5 Tumor necrosis factor-a concentration is determmed using ELISA kits available 

from Genzyme, Cambridge, MA; R&D Systems, Minneapolis, MN; or Fhaimingen, San 
Diego, CA. Results are expressed in pg/mL. 

The table below lists the lowest concentration found to niduce interferon and the 
20 lowest concentration found to induce tumor necrosis fector for each compound A 
indicates that no mduction was seen at any of the tested concentrations; generally the 
highest concentration tested was 10 or 30 |iM. 



Cytoldme Induction in Human Cells 


Exanqite 


Lowest Efifective Ccmcoitration OiM) 


Number 


Interferon 


Tumor Necrosis Factor 


3 


0.01 


0.12 


6 


0.001 


1 


7 


0.01 


1 


8 


0.01 


I 


9 


0.1 


1 
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Cytokine Induction in Human Cells ■ 


Example 


Lowest Effective Concentration ()iM) 


Number 


lateifeion 


Tumor Necrosis Factor 


10 


1 


10 


11 


1 


10 


12 


0.1 


10 


13 


1 


10 


14 • 


1 


10 


15 


10 


10 


16 


I 


10 


17 


1 


10 


18 


« 


10 


19 


* 


10 


20' 


1 


10 


21 


10 


10 


22 


0.0001 


10 


23 


O.00O1 


10 


■ 24 


0.0001 


10 


25 


0.0001 


• 


26 


0.01 


10 


27 


0.1 


1 


28 


0.1 


1 


29 




10 


30 




10 


31 




10 


32 




1 


33 




I 


34 




1 


35 




1 


36 




10 

■ 


37 


0.1 


1 



64 



wo 02/46190 



PCTAJSOl/46582 





Cytokine Induction in Human Cells 


Example 
Number 


• Lowest EflFcctive Concentration (\iM) 


Interferon 


Tumor Necrosis Factor 


38 




• 


39 


1 


• 


41 


10 




42 


1 A 




43 


10 




44 


1 . 




45 






46 






47 






48 






49 


* ■ ■ 




50 


Ul 
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WHATIS CLAIMED IS: 

1 . A compound of the fonnula (I): 




(0 

wherein: X is -CHRs-, -CHRi-alkyK or-^^nis-alkenyl-; 

Ri is selected from the group consisting o£ 
-R4-NR3-S02-R^alkyl: 
-R4-NR3-S02-IU-aIkenyl; 
-IU-NR3-S0r-IU-«yl; 
-R4->m3-SOr-RHieleroaiyl; 
-R4-NR3-S02-R«-lietcrocyclyl; 
-R4-NR3-SO2-R7; 
-R4-NR3-S02-NR3-R<-aIkyl; 
-R4-NR3-S02-NR5-R<-aIkeiyl; 
-R4-NR3-S02-NR5-R€-aiyl; 
-R4-NR3-S02.NR3.R^.heteiDaiyl; 
-R4-NR3-S02-NR5-R<s-hcten)cyclyI; and 
-R4-NR3-SO2-NH2; 

R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
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10 



-atyl; 

-heteroaiyl; 
-heterocyclyl; 

-alkyl-Y-alkcnyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
fiom die group consistuig of: 
OB; 
-balogcn; 
-N(R5)2; 
-C0-N(Rs)2; 
-CO-Cmo alkyl; 

-aryl; 

•heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-hetecoaiyl; 



20 



Yis-0-or-S(0>w-; 

Rj is H, Cmo alkyl, or aiylalkyl; 

each R4 is independently alkyl or alkenyl, which may be intenupted by one 
25 or more -O- groups; or R3 and R4 can join together to form a ring; 

each R5 is mdcpendendy H. Ci-10 alkyl. or d-io alkenyl; 

is a bond, alkyl, or alkenyl, whichmay be interrupted by one or more 
-O- groins; 

Rt is C|.io alkyl; or R3 and R7 can join togeflier to form a ring; 
30 ni80to4;and 

each R present is independently selected bom &e group consisting of C|.to ' 
allgrl, Cmo alkoxy, hydroxy, halogen and trifluoromefliyl; 
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or a phannaceutically acceptable salt thereof. 

2. A compound or salt of claim 1 wherein X is "CH(alkylXalkyl>- , wherein die alkyl 
groups can be die same or different 

A compound or salt of claim 1 wherein X is -CHr-CHz-. 

A compound or salt of claim 1 wherein X is -CH(C2H5)(CH2)-. 

A compound or salt of claim 1 wherein R2 is H. 

A compound or salt of claim 1 wherein Ra is alkyL 

A compound or salt of claim 1 wherein is -allqrl-<)-«lky 

A compound or salt of claim 1 wherein R3 and R4 join to fonn a heterocyclicring. 

A compound or salt of claim I wheieinRi is -Rr-NRa-SOi-Rr-aiyl. 

A compound selected from the group consisting o£ 
7/-(2-{2-[4-amino-2-(2-methoxye%l)-lir.imidazo[4,5-c]quinolin-I- 
yl]etfaoxy}e&yI)mettianesulfonamide; 

^K2-{2-t4.amino-2-(2.methbxye%l)-6J,8^-tet^d^rdro-l/^M 
yl]etboxy}e1hyl)meaanesulfonamide; 
25 ^^-{2-(4-amino-2-(2-methoxye%I)-l/r.imidazo[4,5-c]quinol^^ 
metl^lmedianesulfonamide; 

^K2-{2-[4-amino-2-(2-methoxyethyl)-67,8,9-tetndiydro-l^-imid^ 
• yl]ethoxy}ethyl)-/ir-methyhnethanesuIfonamide; 
2-butyl-l-{2-[2-(l,l^oxidoisofeiazolidin-2-yl)eflioxy]ethyl}- 
30 l//-imida2o[4,5-c]quinolin-4-amine; and 

N-[10-(4-amino-2-me%I-ljy-imidazo[4,5-^]quinolin-l-yIH»7-^ 
dimetfaylaminonaphtfaalene- 1 -sulfonamide; 



4. 



10 



5. 
6. 



15 



9. 



20 10. 



68 



WO02/4fiI90 

OT a phannaccutically acceptable salt thereof. 
11. A compound of flie fonnnla (O) 
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10 



15 



20 



25 



'therein: X is -CHR5-. <3ffiralkyl.. or-CHRj-alkenyl.; 

IS selected fixMn tbc group consistmg of: 

-R4"-NR3-S02-R^-alkenyl; 

-R4-NR3-SOz~R«-fliyl; 

-R4-NR3-SOr-RHieteroaiyl; 

-Rr^«RrnSOr«HictBn)cycl>i; 

-R4-NR3-SO2-R7; 

-lU-NRi-SCh-NRrRtf-aDcyl; 

-R4-NR3-S02-NR5-R<^ilkcnyl; 

-lU-NRj-SOi-NRj-Rtf-aiyl; 

-R4-NR3-S02-NR5-R6-heteroaiyl; 
, -R4-NR3-S02-NR5-R6-hetBrocyclyl; and 
-R4-NR3-SO2-NH2; 
Ra is selected fiom group consisting of: 
-hydrogen; 
-alkyl; 
-aDcen}^ 
-aiyl; 

-heteroaiyl; 
-heterocy<Slyl; 
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-alkyl-Y-alkyl; 
-alkyl-Y-alloBnjd; 
-alkyl-Y-aiyl; and 

-alkyl or alkenyl substituted by one or more substituents selected 
S from tiie group consisting of: 

-OH; 
-halogen; 
-N(R5)2; 
-CO-N(R^)2; 

10 -CO-Ci.ioallQl;* 

-CO-0-Ci.ioalky^ 
-N3; 

-heteroaxyl; 

15 ' ' -hetenxr/ctyl; * 

-CO-aiyl; and 
-CO-beteroaiyl; 

Yis-0-or-S(0)(M.; 
20 R3 is H, Cj.io alkyl, or aiylalkyl; 

each R4 is independently alkyl or alkenyl, which may be interrupted by one 

or more *0- groups; or Ra and R4 can join together to form a ring; 

each R5 is independentty H, Cmo aOcyl. or C2.10 aOcen/l; 

R« is a brad, alkyl, or alkenyl, which maybe interrupted by one or more 
25 -O- groiq>s; 

R7 is Cmo alkyl; or R3 and R7 can join toge&er to form a rins 
iii80to4;and 

each R present is independently selected from the group consisting of C|.io 
alkyl, Cmo alkoxy, hydroxy, halogen, and trifluorometfayl; 
30 or a phaimaceutically accq)table salt thereof. 

12. A compound or salt of claim 11 wherein R2 is H or alky L 
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13. Acoinp<windorsaltofcIaimllwlM!nrfaRjisHMkyK)^ 

14. Aphannaceuticalcompositioncon,prisingatherapeu&^ 
compound or salt of claim 1 and a phannaceutically acceptable canier. 

1 ^""^^fi-^^gcytokinebio^^^^ 

a the»pe«t,cally cfective amount of a compound or salt of claim 1 to the aninuO. 

16. 'n«n»ethodofchiml5wheieintiiecytokineiaIFN-a. 

17. Amethodoftr«atingavirddlseasein«.animdcon,pri8m^ 
li«»apcutic.llyeffi«tiveamo„ntofacompomrforsaltofclata 1 totheanimaL 

18. A-*<^oftn.tinganeoplasticdiscaseinan 

11«apcut«allyeffectiveamo,fntofacompoundorsaltofclaimltotte '■ 

19. A compound offtefommla (00: 




X-O— 



m 

wheiem " Xis-CHR^-. <:HRj^dkyl-, or-CHR^-alkenyl-; 
Ri is selected from die group consisting o£ 
-IU-NRa-S02-R«-aniyl;. 
-Hi— NR3— SOi-R^-alkenyl; 
-IU-NRj-S0r-R«-«3* 
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-R4-NR3-SQr-R«-hetBroaiy^ 
-R4-4«lr^CVR«-hctBrocyclyl; 
-R4-NR3-SO2-R7; 
-R4-NR3-S02-NR5-R6-alkyl; 
5 -R4-NR3-S02-NRs-R6-aIkenyl; 

-R4-NR3-S02-NR5-R«-aiyl; 
-R4-NR3-S02-NR5-IU-heteroaiyl; 
-R4-NR3-S02-NRrR6-heteiocyclyl; and 
.R4-NR3-S62-NH2; 
10 R2 is selected fix)m Ae group consisting of: 

-faydiogen; 
-alkyl; 
-alkenyl; 

-aiyl; " 
15 -heteroaiyl; 

-heterocyclyl; 
-ancyl-Y-alkyl; 
-alkyl-Y-alkcnyl; 
-alkyl-Y-aryl; and 

20 - alkyl or alkenyl substituted by one or more substituents selected 

from the group consisting of: 
OH; 
-halogen; 
-N(R,)2; 

25 -CO.N(R5)2; 

-COCi.ioaIlQrl; 

-CO-O-CMoaDqrt 

-N3; 

-aiyl; 

30 -heteroaryl; 

-heterocyclyl; 
-CO-aiyl; and . 
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-CO-heteroaiyl; 
Yis-0-or-S(0)(«s 
R3 is H, Cmo alkyl, or aiylalkyl; 

each R4 is independently alkyl or alkenyl. which may be interrupted by one 

or more -O- groups; or R4 and R3 can join to fonn a ring; 

eachI^isindependentlyH.C,.,oaIkyl.orC2.,oalkenyl; ' 

K^isaboniorisalkyloralkenylwhichmaybemterrupted^ 
more -O- groups; 

R7 is C,.,o alkyl: or Rj and Rj can join together to form a rin© 
ois0to4;and 

each R present is independently selected fiom the group consisting of C,.,o 
alkyl. Cwo alkb^gr, hydrojqr, halogen and trifluorometlQrl; 
or a phatmaceuticany acceptable salt tiieieof. 

20. AphannaceuticaIconn,ositioncomp,isingatherapeuti«^^ 
compound or salt of chum 11 and a ph^maceutically acceptable earner. 

2L Amethodofinducingcytokinebiosynthesisinananimalcomprisingadnum^ 
athenpeuticafly effective amount ofacompoundor salt of claim 11 totheaninal. 

22. The meflMdofchum 21 »*erem the cytokine is IFN^ 

23. Amethodoftreatingaviraldiseaseinaaaaimalcomijrisingadministeringa 
thenipeutically effective amount ofacompound or salt of ckim 11 tothe«rimal. 

24. Amethodoftreatinganeoplasticdiseaseinananimalcomprisingadmurisle™^ 
theiapeuhcaUy effective amount ofacompound or salt of claim 11 tothoanimaL 



73 



